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(54) PhotocuraWe composition 

(57) A photocurable composition comprising (A) an 
a-cyanoacrylate and (B) ajnetallocene compound com- 
prising a transition metal of Group VIII of the periodic 
table and aromatic electron system ligands selected 
from 7c-arenes, indenyl, ri-cyclopentadienyl. The photo- 
curable composition may further comprise (C) a cleav- 
age-type photoinitiator,. The photocurability of the 
photocurable composition can be greatly improved by 
incorporating a cleavage type photoinitiator into the 
composition. Since the cleavage-type photoinitiator 
functions as an initiator for anionic polymerization, even 
when the composition contains a radical-polymerizable 
compound such as an acrylic compound, it can be rap- 
idly cured due to the cleavage type photoinitiator con- 
tained therein. In the case where the cleavage-type 
photoinitiator used is a peroxide, heating can also be 
used to cure the composition. In the case where the 
cleavage type photoinitiator used is an azo compound, 
the composition can be foamed by regulating the addi- 
tion amount of the photoinitiator or the quantity of light 
with which the composition is irradiated. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a cyanoacrylate composition having photocurability. Possible applications of the 

composition include lithography, potting, molding, coating, adhesives. sealing materials, and various resist materials. 

BACKGROUND OF THE INVENTION 

10 a-Cyanoacrylate adhesives are extensively utilized as cold-setting single-liquid type instantaneous adhesives for 
metals, plastics, rubbers, woods, etc., because they rapidly polymerize and cure by the aj^on olajDi DUte amount of 
the adsor ption water presen t on adherend surfaces to extremely tenaciously bond the adherends to each other in a 
short time period. 

However, the a-cyanoacrylate adhesives have a drawback that the curing is very slow when the gap betwe en 
15 adherends is wide, when the adhesive applied has overflown from the bonding part, or when the adhesive applied is 
not sandwiched between a pair of adherends as in coating. 

In general, a cyanoacrylate adhesive with which a large gap is filled or which has overflown from a bonding part is 
cured by usingjy>rimer or a curing accelerator. However, not only this technique is troublesome, but also the basic com- 
pound used as the main component of the primer or curing accelerator and the odor of the solvent contained therein 
20 are undesirable for the working environment. 

There is hence a desire for a cyanoacrylate adhesive which can be easily cured without impairing the excellent fea- 
tures of the instantaneous adhesive, i.e., cold-setting and single-liquid type. 

To eliminate the problem described above, cyanoacrylate adhesive compositions having photocurability have been 
proposed. For example, a cyanoacrylate adhesive composition containing a radical-generating photopolymerization ini- 
25 tiator is disclosed in JP-A-62-57475. (The term "JP-A" as used herein means an "unexamined published Japanese pat- 
ent application") 

JP-A-6-299122 discloses an adhesive composition containing an aromatic azide compound as a photoinitiator for 
anionic polymerization. 

WO93/10483 discloses a technique in which an inorganic chromium complex is used as a photoinitiator for anionic 
30 polymerization. 

Further, a technique of using Pt(acac) 2 as a photoinitiator for anionic polymerization is reported in 
Macromolecules, 28 (4) 1328 (1995). 

These proposed compositions, however, have problems such as the following. In order for the compositions to cure, 
a relatively long light irradiation time of from 1 to 2 minutes is necessary. In the case of radical polymerization, the curing 
35 reaction is inhibited by oxygen and, as a result, the adhesive surface suffers curing failure or remains tacky. Moreover, 
the compositions foam upon light irradiation, or hav^poor storage stability. 

On the other hand, many proposals have been made on photocurable compositions containing a metallocene com- 
pound as a photoinitiator. MetallocenecojTpounds arejgenerally used as a photoinitiator for radical polymerization or 
cationic polymerization. FoTexampIei JP-A-6-351 89 discloses a photopolymerizable mixture containing a photoinitiator 
40 comprising (A) a photoreducible dye, (B) a radiation<Jecomposable trihalomethyl compound, and (C) a metallocene 
compound and a recording material produced from the mixture. 

JP-A-5-11731 1 discloses a photopolymerization initiator comprising a complex obtained by the interaction of (A) a 
charge-transfer complex comprising a biscyclopentadienyliron derivative and a quinoid compound with (B) at least one 
salt selected from the group consisting of tetraf luoroboric acid salts, hexaf luorophosphoric acid salts, and hexaf luoro- 
45 antimonic acid salts. 

JP-A-4-221958 discloses a photopolymerizable mixture containing a metallocene compound as a photoreaction 
initiator and a recording material produced from the mixture. 

JP-A-2-127404 discloses a photopolymerizable mixture containing a photoinitiator comprising (A) a photo-reduci- 
ble dye, (B) a radiation-decomposable trihalomethyl compound, and (C) a metallocene compound and a recording 
50 material produced from the mixture. 

JP-A-4-73763 discloses a photocurable electrodeposition coating composition containing a titanocene compound 
as an initiator. 

Further, a technique of photocuring a vinyl monomer by means of ferrocene alone or a combination thereof with 
carbon tetrachloride is reported in J. MacromoL ScL-Chem., A28 (5&6), 557 (1991). 
55 However, the techniques shown above are based on a polymerization mechanism in which a radical or cationic 
polymerization reaction proceeds, and are unrelated to the technique for photopolymerizing and curing an a-cyanoacr- 
ylate mainly by anionic polymerization, in particular to the technique of the present invention. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide a photocurable composition having excellent photocurability to over- 
come the above-described problems in the prior art. 

The present inventors have found that the above object is achieved with the following embodiments: 

(1) a photocurable composition comprising: 

(A) an a-cyanoacrylate and 

(B) a metallocene compound comprising a transition metal of Group VIII of the periodic table and aromatic 
electron system ligands; 

(2) the photocurable composition according to the embodiment (1), further comprising (C) a cleavage-type photoin- 
itiator; 

(3) the photocurable composition according to the embodiment (1) or (2), wherein in the metallocene compound (B) 
comprising a transition metal of Group VIII of the periodic table and aromatic electron system ligands, the aromatic 
electron system ligands each is a n-arene, indenyl, or Ti-cyclopentadienyl; 

(4) the photocurable composition according to any one of the embodiments (1) to (3), wherein the metallocene 
compound (B) comprising a transition metal of Group VIII of the periodic table and aromatic electron system ligands 
is represented by the following formula (I): 



(wherein M represents a transition metal of Group VIII of the periodic table; R represents a halogen atom, a hydro- 
carbon group having 1 to 20 carbon atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, or a 
silicon atom-containing, oxygen atom-containing, sulfur atom-containing, or phosphorus atom-containing group 
having 1 to 20 carbon atoms, provided that the R's may be the same or different and may be crosslinked to each 
other; symbol a represents an integer of from 0 to 5; and the groups [R a -Cp] (Cp represents Ti-cyclopentadienyl) 
may be the same or different); 

(5) the photocurable composition according to any one of the embodiments (1) to (4), wherein in the metallocene 
compound (B) comprising a transition metal of Group VIII of the periodic table and aromatic electron system lig- 
ands, the transition metal of Group VIII of the periodic table comprises iron, osmium, ruthenium, cobalt or nickel; 
and 

(6) the photocurable composition according to the embodiment (5), wherein in the metallocene compound (B) com- 
prising a transition metal of Group VIII of the periodic table and aromatic electron system ligands, the transition 
metal of Group VIII of the periodic table comprises iron, osmium, or ruthenium. 

The photocurable composition of the present invention can be rapidly cured by light irradiation even when the gap 
between a pair of adherends is wide, when the composition applied has overflown from the bonding part, or when the 
composition applied is not sandwiched between a pair of adherends as in coating. Since the curing reaction proceeds 
by anionic polymerization, not only the composition do es not suffer the surface curing inhibitior^by oxygen which is 
observed in radical polymerization,, but also even that part of the composition to which light cannot reach due to the 
shape of the substrate cures by the anionic polymerization initiated by light irradiation. Further, since the metallocene 
compound has a light absorption wavelength region extending beyond 500 nm to the longer-wavelength side, the com- 
position can be cured with a light in a wider wavelength region, i.e., even with ultraviolet and/or visible light. 

DETAILED DESCRIPTION OF THE INVENTION 

This invention is explained below in detail. 




(i) 



EP 0 769 721 A1 

1. a-Cyanoacrylate (A): 

Although the a-cyanoacrylate (A) contained as an essential component in the composition of the present invention 
is not particularly limited, it is represented by general formula (II): 

5 

H 2 C=C(CN)-COOR (II) 

(In the formula, R is an ester residue such as, e.g., an alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, or aryl group. 
Although the ester residue is not particularly limited in the number of its carbon atoms, it generally has from 1 to 8 car- 

10 bon atoms. The ester residue may be a substituted hydrocarbon group such as an alkoxyalkyl or trialkylsilylalkyl group.) 
Examples of the cyanoacrylate include alkyl and cycloalkyl a-cyanoacrylates such as methyl a-cyanoacrylate, ethyl 
a-cyanoacrylate, propyl a-cyanoacrylate, butyl a-cyanoacrylate, and cyclohexyl a-cyanoacrylate; alkenyl and 
cycloalkenyl a-cyanoacrylates such as allyl a-cyanoacrylate, methallyl a-cyanoacrylate, and cyclohexenyl a-cyanoacr- 
ylate; alkynyl a-cyanoacrylates such as propargyl a-cyanoacrylate; aryl a-cyanoacrylates such as phenyl a-cyanoacr- 

15 ylate and tolyl a-cyanoacrylate; heteroatom-containing a-cyanoacrylates such as methoxyethyl a-cyanoacrylate, 
ethoxyethyl a-cyanoacrylate, and furfuryl a-cyanoacrylate; and silicon-containing a-cyanoacrylates such as trimethyls- 
ilylmethyl a-cyanoacrylate, trimethylsilylethyl a-cyanoacrylate, trimethylsilylpropyl a-cyanoacrylate, and dimethylvinyls- 
ilylmethyl a-cyanoacrylate. 

20 2. Metallocene compound (B) comprising transition metal of Group VIII of the periodic table and aromatic electron sys- 
tem ligands: 

The metallocene compound (B) comprising a transition metal of Group VIII of the periodic table and aromatic elec- 
tron system ligands, which is another essential component of the composition of the present invention, is not particu- 
25 larly limited in its aromatic electron system ligands. Desirable examples of the ligands include Ti-arenes, indenyl, and t\- 
cydopentadienyl. Preferred of these is Ti-cyclopentadienyl. 

Examples of substituents which may be bonded to each ligand include halogen atoms, hydrocarbon groups having 
1 to 20 carbon atoms, halogenated hydrocarbon groups having 1 to 20 carbon atoms, and silicon atom-containing, oxy- 
gen atom-containing, sulfur atom-containing, and phosphorus atom-containing groups having 1 to 20 carbon atoms. 
30 Each ligand may have the same or different substituents, and the substituents may be crosslinked to each other. 

Preferred examples of the metallocene compound comprising a transition metal of Group VIII of the periodic table 
and aromatic electron system ligands are represented by the following structural formula (I): 



35 



40 




M 



(i) 



45 



50 



55 



(In the formula, M represents a jgnsjtignjnetal of Group VIII of the periodic table. R represents a halogen atom, a 
hydrocarbon group having 1 to 20 carbon atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, or a 
silicon atom-containing, oxygen atom-containing, sulfur atom-containing, or phosphorus atom-containing group having 
1 to 20 carbon atoms, provided that the R's may be the same or different and may be crosslinked to each other. Symbol 
a represents an integer of from 0 to 5.) 

In formula (1), the groups [R a -Cp] (Cp represents ti-cyclopentadienyl) may be the same or different. 
Specific examples of the metallocene compound comprising a transition metal of Group VIII of the periodic table 



and aromatic electron system ligands include 



in which the transition metal is iron, qsmoceng; in which the 



transition metal is osmium,^ in which the transition metal is ruthenium, Cobartoc ene: in which the transition 

metal is cobalt, ar^flickeloceng, in which the transition metal is nickel. Among these, ferrocene, osmosene and ruthe- 
nocene, and derivatives thereof are preferred. 

Examples of ferrocene compounds in which the aromatic electron system ligands are substituted with at least one 
substituent are shown below and in Examples. In the present invention, metallocene compounds having the structures 
formed by replacing the iron in these ferrocene compounds with another transition metal of Group VIII of the periodic 
table, e.g., osmium, ruthenium, cobalt or nickel can also be used. The more substituents the metallocene compounds 
for use in the present invention have, the better photocurability they tend to have. 
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(i) Examples of compounds having one or more halogen atom substrtuents include 4-acetyl-1 '-bromo- 1,2-diethyl- 
ferrocene, 1 '-bromo-1 ,2, 3-triethyrf errocene, 1 -acetyl-1 *-brorTK>-2, 3 <iiethylf errocene, 1 ,1 '-dibromo-3-(dibromobo- 
ryl)ferrocene, l.l'-dibromo-S.S'-bisfdibromoboryOferrocene, l-bromo-l'-methylferrocene, 1 -bromo-1 '- 
(methoxymethyl)ferrocene, 1^romo-1'-(4-metriylbenzoyl)f errocene, 1-iodo-1'-(phenylethyl)f errocene, 1 -iodo-1 '-(4- 
methoxyphenyl)ferrocene, 1 (4-chlorophenyi)- 1 'iodoferrocene, 1 -iodo-1 '-phenylf errocene, 1 ,3-dichloro-2,4,5- 
tris(methylthio)ferrocene, 1 ,2,4-trichloro-3,5-bis(methylthio)ferrocene, 1 ,2,3,4-tetrachloro-5-(methylthio)ferrocene, 
1 -iodo-1 '-(3-methoxy-3-oxo-1 -propyl)f errocene, 1 ,1 '-dibromoferrocenium, 2-acetyl-1 -bromo-1 ,3 -diethy [ferrocene, 
1 '-bromo-1, 2,4-triethylferrocene, 1 -acetyl-1 -bromo-2,4-diethylferrocene, 1'-bromo-1,3-diethylf errocene, 1-bromo- 
1 ,2-diethylferrocene, 1 -acetyl-1 '-bromo-3-ethylferrocene, 1 -acetyl- 1 '-bromo-2-ethyrferrocene, 1 , 1 -dichloroferro- 
cenium, decachloroferrocenium, 1-(3-hydroxy-3-methy I- 1-butynyl)-1 '-iodof errocene, 1-chloro-1'-ethynyrferrocene, 
1 -bromo-1 '-ethynylferrocene, (acetylcyclopentadienyl)(bromocyclopentadienyl)iron, (bromocydoperrtadienyl)(iodo- 
cyclopentadienyl)iron, 1 -bromo- V-phenytf errocene, 1 -bromo-1 '-(triphenylmethyl)ferrocene, 1 -bromo-1 '-((1 - 
oxooctadecyl)oxy)ferrocene, 1-iodo-1'-((1-oxooctadecyl)oxy)ferrocene, 1 -bromo- V-cuprioferrocene, 1-bromo-1'- 
pentylferrocene, 1 -bromo- 1 , -(2-methylpropyl)ferrocene, 1 -chloro-1 '-(3-oxo-3-phenyl- 1 -propenyl)ferrocene, 1 - 
bromo- 1 '-formylferrocene, 1 -chloro- 1 '-formyiferrocene, 1 -bromo- 1 '-(3-oxo-3-phenyl- 1 -propeny IJferrocene, 1 - 
bromo-1 '-(2-methyl-1 ,3-dioxolan-2-yl)ferrocene, 1 -bromo-1 '-((4-methylphenyl)methyl)f errocene, 1 -bromo-1 '-((3- 
methylphenyl)methyl)ferrocene, 1 -bromo-1 '-((2-methylphenyl)methyl)ferrocene, 1 -(diphenylphosphino)-V-iodofer- 
rocene, 1-((3-formylphenyl)ethynyl)-1 '-iodof errocene, 1 -((2-formylphenyl)ethynyl)-1 '-iodoferrocene, 1 ,1'-dichloro-2- 
(trichlorosilyl)ferrocene, (1 ',2-dichloroferrocenyl)lithium, 1 -chloro-1 '-phenylferrocene, 1 -((4-formylphenyl)ethynyl)- 
1'-iodoferrocene, 1-(capryoethynyl)-1 '-iodoferrocene, decabromoferrocene, formylnonaiodoferrocene, ethylnonaio- 
doferrocene, nonaiodomethytferrocene, nonabromoformyrferrocene, acetylnonaiodofenrocene, l-(ethoxycarbonyl)- 
1 'iodoferrocene, 1 -bromo- 1 '-(ethoxycarbonyl)ferrocene, 1 -chloro- 1 '-(ethoxycarbonyl)f errocene, decaiodofer- 
rocene, 1-benzoyl-1 '-bromoferrocene, 1 -benzoyl-1 '-chloroferrocene, 1 ,1 '^^'.S.S'^^'-octachloro-S.S'-diiodofer- 
rocene, 1 -iodo-1 -methylferrocene, and decachloroferrocene. 

(ii) Examples of compounds having one or more hydrocarbon group substituerrts having 1 to 20 carbon atoms 
include 1 , 1 -dimethylferrocene, 1 , 1 '-di-n-butyrferrocene, bis(pentamethylcyclopentadienyl)iron, 1 , 1 '-diethylfer- 
rocene, 1,1-dipropylferrocene, 1,1'-di-n-pentylferrocene, 1,1'-di-n-hexy If errocene, 1,1',2-trimethylferrocene, 1.1\2- 
triethylferrocene, 1,1',2-tripropyrferrocene, 1,1',2-tri-n-rxrtyfferrocene, 1,1',2-tri-n-pentylf errocene, 1,1',2-tri-n-hexyl- 
ferrocene, 1,1',3-trimethyrferrocene, I.V.S-triethylferrocene, 1,1',3-tripropytferrocene, 1,1',3-tri-n-butyfferrocene, 
1 , 1 "3-tri-n-pentylf errocene, 1 ,1 ',3-tri-n-hexylferrocene, 1 ,1 \2,2'-tetramethytferrocene, 1 , 1 '^^'-tetraethyfferrocene, 
1 , 1 ',2,2'-tetrapropylferrocene, 1 , 1 \2 t 2'-tetra-n-butylferrocene, 1 , 1 '^^'-tetra-n-pentyrferrocene, 1 , 1 \2,2'-tetra-n- 
hexylferrocene, 1,1', 2, 3'-tetramethytf errocene, 1,1\2,3*-tetraethylfeiTocene, 1,1\2,3'-tetrapropytferrocene, 1,1', 2,3- 
tetra-n-butylferrocene, 1 ,1 \2,3'-tetra-n-pentytferrocene, 1 , 1 ',2,3'-tetra-n-hexyrferrocene, 1 , 1 \3,3'-tetramethylfer- 
rocene, 1,1', 3, 3'-tetraethylf errocene, 1,1', 3, 3'tetrapropylf errocene, 1,1',3,3'-tetra-n-butyfferrocene, 1,1',3,3'-tetra-n- 
pentylferrocene, 1 , 1 ', 3, 3'tetra-n-hexylf errocene, 1 , 1 ',2,3-tetramethyrferrocene, 1 , 1 \2,3-tetraethyrferrocene, 
1 ,1 ',2,3-tetrapropylferrocene, 1 ,1',2,3-tetra-n-butylferrocene, 1 ,1',2,3-tetra-n-pentylferrocene, 1 ,1 ',2,3-tetra-n-hexy- 
lferrocene, 1,1',2,4-tetramethylferrocene, 1,1',2,4-tetraethyrferrocene, 1,1',2,4-tetrapropyrf errocene, 1,1',2,4-tetra- 
n-butytferrocene, 1,1',2,4-tetra-n-pentytferrocene, 1,1',2,4-tetra-n-hexylferrocene, 1,1\2,2\3-pentamethylferrocene, 
1 ,1\2 ( 2',3-pentaethyrferrocene, 1 ,1',2,2',3-pentapropylferrocene, 1 ,1\2,2\3-penta-n-butylfeirocene, 1 ,r,2,2',3- 
perrta-n-pentylferrocene, 1,1',2,2\3-penta-n-hexytferrocene, 1,1\2,2\4-pentamethytferrocene, 1,1',2,2',4-pentae- 
thylferrocene, 1 , 1 ',2,2',4-pentapropyrferrocene, 1 , 1 ,2,2',4-penta-n-butylferrocene, 1 , 1 \2,2\4-penta-n-pentyrfer- 
rocene, 1 , 1 , ,2.2 , 1 4-penta-n-hexylferrocene, 1 , 1 '^.S.S'-pentamethytferrocene, 1 , 1 \2,3,3'-pentaethyrferrocene, 
1 ,1\2,3,3'-pentapropylferrocene, 1 ,1 '^^.S'-penta-n-butylferrocene, 1 ,1',2,3,3'penta-n-pentylferrocene, 1 ,1',2,3,3'- 
penta-n-hexylferrocene, 1,1\2,3',4-pentamethylferrocene, 1,r,2,3',4-pentaethytferrocene, l.r^.S'^-pentapropyl- 
ferrocene, 1 , 1 \2,3\4-penta-n-butylferrocene, 1 , 1 ',2,3',4-penta-n-pentylferrocene, 1 , 1 ',2,3\4-penta-n-hexyffer- 
rocene, 1 , 1 \2,3,4-pentamethyrferrocene. 1 , 1 ',2,3,4-pentaethylferrocene, 1 , 1 ,2,3,4-pentapropytferrocene, 
1 , 1 ',2,3,4-penta-n-butylferrocene, 1 , 1 ',2,3,4-penta-n-pentyrferrocene, 1 , 1 ',2,3,4-penta-n-hexyfferrocene, 
1 ,1 ',2,3,4,5-hexamethylferrocene, 1 ,1 *,2,3,4,5-hexaethylfeiTocene, 1 ,1 ',2,3,4,5-hexapropylferrocene, 1 ,1 ',2,3,4,5- 
hexa-n-butylferrocene, 1,1',2,3,4,5-hexa-n-pentyrferrocene, 1,1',2,3,4,5-hexa-n-hexylferrocene, 1,1\2,2\3,4-hex- 
amethytferrocene, 1 , 1 ',2,2',3,4-hexaethylferrocene, 1 , 1 ',2, 2',3,4-hexapropylf errocene, 1 , 1 \2,2',3,4-hexa-n-butylfer- 
rocene, 1,1\2,2\3,4-hexa-n-peiitylferrocene, 1,1',2,2',3,4-hexa-n-hexytferrocene, 1,1\2,3,3\4- 
hexamethylferrocene, 1,1',2,3,3',4-hexaethylferrocene, 1,1\2,3,3',4-hexapropylferrocene, 1,1\2,3,3\4-hexa-n- 
butylferrocene, 1 , 1 \2,3,3\4-hexa-n-pentylferrocene, 1 , 1 ',2,3,3',4-hexa-n-hexylferrocene, 1 , 1 *,2,2 , ,3,3'-hexamethyl- 
ferrocene, 1 ,1 \2,2',3,3'-hexaethytfeiTOcene, 1 , 1 \2,2\3,3'-hexapropylferrocene, 1 , 1 '^^'.S.S'-hexa-n-butyHerrocene, 
1,1',2,2\3,3'-hexa-n-perrtylferrocene, l.r^^'.S.S'-hexa-n-hexyiferrocene, l.r^^'^'^-hexamethylferrocene, 
1 ,1\2,2\3\4-hexaethylferrocene, 1 ,1\2,2\3\4-hexapropylferrocene, 1 ,1\2,2\3\4-hexa-n-butylferrocene, 
1,1',2,2',3',4-hexa-n-pentylferrocene, 1,1\2,2',3',4-hexa-n-hexylferrocene, l.l^^'A^-hexamethyfferrocene, 
1 ,1 ',2,2',4,4'hexaethylferrocene, 1 , 1',2,2\4,4*-hexapropyrferrocene, 1 , 1 ,2,2\4,4 -hexa-n-butyrferrocene, 
1 ,1 \2,2\4,4'-hexa-n-pentylferrocene, 1 , 1 ',2,2\4,4'-hexa-n-hexyiferrocene, 1 , 1 \2,2\3,4,5-heptamethylferrocene, 
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1 , 1 \2,2',3,4,5-heptaethylferrocene, 1 , 1 \2,2,3,4,5-heptapropytferrocene, 1 , 1 ',2,2',3,4,5-hepta-n-butylferrocene, 
I.I^^.SAS-hepta-n-pentyNerrocene, 1,1\2,2\3,4,5-hepta-n-hexylferrocene, 1,1,2,3,3',4,5-heptamethylfer- 
rocene, 1 ,1 ',2,3,3',4,5-heptaethyKerrocene, 1 ,1 \2,3,3\4,5-heptapropytferrocene, 1 , 1 ',2,3,3',4,5-hepta-n-butylfer- 
rocene, 1,1\2,3,3'A5-hepta-n-pemylferrocene, 1,r,2,3,3',4,5-hepta-n-hexylferrocene, -\,V t 2,2\3,Z'A- 
heptamethylferrocene, 1 ,1 \2,2\3,3\4-heptaethylferrocene, 1 ,r,2,2\3,3',4-heptapropylferrocene P 1 ,1 \2,2',3,3',4- 
hepta-n-butylferrocene, 1,r,2,2\3,3\4-hepta-n-pentyl-ferrocene, 1,1\2,2\3,3\4-hepta-n-hexylferrocene, 
1,1\2,3,3\4,4'-heptamethytferrocene, l.r^.S.S'^^'-heptaethylferrocene, l.r^.S^'^^'-heptapropyiferrocene, 
1 J \2,3,3\4,4'-hepta-n-butylferrocene, 1 ,1 \2,3,3,4,4'-hepta-n-pentylferrocene, 1 .r^S.S'.M'-hepta-n-hexyl-fer- 
rocene, I.V^.Z.S.S'^.S-octomethylferrocene, l.r^.Z.S.S'^.S-octoethylferrocene, l.r^Z.S.S'AS-octopropylfer- 
rocene, 1 .l^^'.S.SA.S-octo-n-butylfenocene, 1 ,1\2,2',3,3\4,5-otfo~n-pentylferrocene, 1 l 1 , ,2 i 2 , ,3 i 3 , ,4,5-octo-n- 
hexytferrocene, 1 , 1 ^.^SA^.S-octomethytfenocene, 1 , 1 ',2,2 , ,3,4,4 , ,5-octoethylferrocene 1 1 i 1 , l 2 l 2 , .3,4,4 , i 5-octo- 
propylferrocene, 1,1\2,2',3,4,4\5^o-n-butyfferrocene, 1,r,2,2',3,4,4\5-odo-n-pentylferrocene, 1,r,2,2\3,4,4\5- 
octo-n-hexyfferrocene, 1 ,1\2,2\3,3\4,4\5-nonamethylferrocene, 1 ,r,2,2' i 3,3 , ,4,4 , i 5-nonaethylferrocene, 
1 ,1 \2,2\3,3\4,4\5-octoprcpylferrocene, 1 ,1\2,2\3,3\4,4\5-octo-n-butytferrocene, 1 ,1 , ,2,2',3 f 3 , ,4,4 , ? 5-octo-n- 
pentylferrocene, 1 J\2 I 2\3 l 3\4 i 4\5-odD^-hexy»Brrocene P bis(pentaethylcydopentadienyl)iron, bis(pentapropylcy- 
clopentadienyl)iron, bis(penta-n-butylcydoperrtadienyl)iron, bis(penta-n-pentylcydopentadienyi)iron, bis(penta-n- 
hexylcyclopentadienyl)iron, 1,r-dimethyl-2-ethylferrocene, 1,1'-dimethyl-3-ethylferrocene, 1,1'Kji-n-butyl-3-methyl- 
ferrocene, 1 ,V-di-n-butyl-3-ethylferrocene, 1 , 1 '<limethyl-3,3'-diethylferrocene, 1 , 1 '2-trimethyl-3-ethylferrocene, 
1,1'-ditriphenylmethylferrocene, 1 -methyl- V-triphenylmethyHerrocene, and 1-n-butyl-V-triphenylmethylferrcx:ene. 

(iii) Examples of compounds having one or more halogenated hydrocarbon group substituents having 1 to 20 car- 
bon atoms include 1 -methyl- 1 '-(chloromethyl)ferrocene, 1-chloro-1Xchloromethyl)f errocene, 1 -methyl-1 '-(bro- 
momethyl)f errocene, 1 -methyl- 1 '-(iodomethyl)f errocene, 1 , 1 '-di(chloromethyl)f errocene, 1 . 1 \ 2- 
tri(chloromethyl)ferrocene, 1 , 1 \2,2'-tetra(chloromethyl)ferrocene, bis(pentachloromethylcyclopentadienyl)iron, 
bis(pentabromomethylcyclopentadienyl)iron, 1 -methyl-1 -(trichloromethyl)ferrocene, 1 -ethyl - 1 '-(trichloromethyl)f er- 
rocene, 1 -methyl-1 '-(tribromomethyl)f errocene, 1 -methyl-1 '-(triiodomethyl)ferrocene, 1 -chloro-1*-(trichlorome- 
thyl)f errocene, 1 -bromo-1 '-(trichloromethyl)fenocene, 1 -bromo- 1 '-(tribromomethyOferrocene, 1.1'- 
di(trichloromethyl)ferrocene, 1,V-di(tribromomethyl)f errocene, 1,1'-di(trichloromethyl)-2-chloroferrocene > 1-acetyl- 
1-(trichloromethyl)ferrocene, 1,V-diacetyl-2-(trichloromethyl)ferrocene, 1,1'-diacetyl-3-(trichloromethyl)f errocene, 
1 -formyl- 1 , -(((chloromethyl)oxy)methyl)ferrocene, 1 -acetyl- 1 '-(((chloromethyOoxyJmethyiJferrocene, 1 -formyl- 1 '- 
(((trichloromethyl)oxy)methyl)ferrocene, and 1 -acetyl-1 , -(((trichloromethyl)oxy)methyl)ferrocene. 

(iv) Examples of compounds having one or more silicon atom-containing group substituents having 1 to 20 carbon 
atoms include 1 -formyl-1 , -(((trimethylsilyl)oxy)methyl)ferrocene, 1 -(((6-(((1 , 1 -dimethylethyl)dimethylsi- 
lyl)oxy)hexyl)oxy)methyl)-r-fbrmylferrocene, 1 -acetyl-1 '-(((trimethylsilyl)oxy)methyl)ferrocene, 1 -(((6-(((1 , 1 -dimeth- 
ylethyl)dimethylsilyl)oxy)hexyl)oxy)methyl)- 1 '-acetylferrocene, 1 , 1 '-di(((trimethylsilyl)Qxy)methyl)f errocene, 1.1'- 
di(((6-(((1.1<limethylethyl)dimet^^ 1,V<ii(((trimethylsilyl)oxy)methyl)-2- 
acetytferrocene, 1 , 1 -di(((6-(((1 ,1 <limethylethyl)dimethylsily^ 1 , 1 '-di(((tri- 
methylsilyl)oxy)methyl)-2-formylferrocene, 1 .1 -di(((6-(((1 ,1 -dimethylethyl)dimethylsilyl)oxy)hexyl)oxy)methyl)-2- 
formyiferrocene, 1 -methyl- V-(((trimethylsilyl)oxy)methyl)f errocene, 1 -(((6-(((1 , 1 -dimethylethyl)dimethylsi- 
lyl)oxy)hexyl)oxy)methyl)-r-methylferrocene, 1 -ethyl- r-(((trimethylsilyl)oxy)methyl)f errocene, 1-(((6-(((1 ,1-dimeth- 
ylethyl)dimethylsilyl)oxy)hex^ 1,1'<li(((trimethylsilyl)oxy)methyl)-2-methylferrocene, 
1,r-di(((6-(((1.1,<limethylethyl)dimethylsilyl)oxy)hexyl)oxy) 1 -methyl- 1'-(trimethylsilyl- 
methyl)ferrocene. 1 -methyl- 1'-(trimethylsilylethyl)f errocene, 1 -methyl-1 '-(trimethylsilylpropyl)f errocene, 1,1'<Ji(tri- 
methylsilylmethyl)ferrocene, 1 ,r-di(trimethylsilylethyl)f errocene, 1,1'-di(dimethylsilylmethyl)f errocene, 1-acetyl-V- 
(trimethylsilylmethyl)ferrocene, 1,r-diacetyl-2-(trimethylsilylmethyl)ferrocene, and 1,V-diacetyl-3-(trimethylsilylme- 
thyl)fenrocene. 

(v) Examples of compounds having one or more oxygen atom-containing group substituents having 1 to 20 carbon 
atoms include 1,1'-di(acetyicydopentadienyl)iron, 1,1'-dibenzoylferrocene, 1,1'-bis(1-oxotetradecyl)f errocene, 1-(3- 
ethoxy- 1 -methyi-3-oxo-1 -propenyl)- 1 '-(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 -benzoyl-1 '-(3-ethoxy-1 -methyl-3- 
oxo-1 -propenyl)ferrocene, 1 -(3-ethoxy-1-methyl-3-oxo-1 -propenyl)-1 -(phenylacetyl)ferrocene, 1 ,r-bis(2-furanyl- 
carbonyl)ferrocene, 1 ,1 '-bis(3-methylbenzoyl)ferrocene, 1(1 ,3-dioxopentyl)-r-methylferrocene, (neopentylcy- 
clopentadienyl)(propionylcyclopentadienyl)iron, (pivaloylcyclopentadienyl)(propylcycloperrtadienyl)iron, 1-(9- 
carboxy-1 -oxononyl)-1 ',3-dimethylferrocene, 1 -(9-carboxy-1 -oxononyl)-1 ',2-dimethylferrocene, 1 -(10-ethoxy-1 , 10- 
dioxodecyl)-1 ,3-dimethylferrocene, 1 -(1 0-ethoxy-1 , 1 0-dioxodecyl)-1 ,2-dimethylferrocene, 1 -(6-methoxy-1 ,6-diox- 
ohexyl)-1 '-(1 -Qxooctadecyl)ferrocene, 1 ,1 '-bis(1 -oxononyl)ferrocene, 1 -(1 -methyl-3-oxo-1 -butenyl)-1'-(pheny- 
lacetyl)ferrocene, 1 -(3-carboxy- 1 -oxopropyl)- 1 '-( 1 -oxoundecyl)ferrocene, 1 (3-carboxy-1 -oxopropyl)- 1 '-(1 - 
oxononyl)ferrocene, 1 -(4-ethoxy-1 ,4-dioxobutyl)-1 '-(1 -oxoundecyl)ferrocene, 1 -(4-ethoxy-1 ,4-dioxobutyl)-1 '-(1 - 
oxononyl)ferrocene, 1 , 1 '-bis(6-carboxy-1 -oxohexyl)ferrocene, 1 -(5-carboxy-1 -oxopentenyl)-1 '-(3-carboxy- 1 -oxo- 
propyl)ferrocene, 1 ,1'-bis(7-methoxy-1 ,7-dioxoheptyl)ferrocene, 1 -(4-methoxy-1 ,4<iioxobutyl)-1 '-(6-methoxy-1 ,6- 
dioxohexyl)fenrocene, bis(o-carboxybenzoylcyclopentadienyl)iron, (cinnamoylcyclopentadienyl)(neopentylcy- 
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clopentadienyl)iron, l.r-bisCa.S.S-trimethyl-l-oxohexyOferrocene, l.r-bistl-oxohexadecyljferrocene, (neopentyt- 
cyclopentadieny1)(3,5,5-trimethylhexanoylcyclopentadienyl)iron, 

(neopentylcyclopentadienyl)(pivaloylcyclopentadienyl)iron, ((4-cartx)xybutyryl)cyclopentadienyl)((3-cartx)xypro- 
pynoyl)cyclopentadienyl)iron ( 1 , 1 '-bis(4-carboxy-1 -oxobutyl)ferrocene, (isobutylcyclopentadienyl)(pivaloylcy- 
clopentadienyl)iron, (isobutyrylcyclopentadienyl)(neopentylcyclopentadienyl)iron, 1 -(5-carboxypentyl)-1 '-(1 - 
oxooctadecyl)f errocene, 1 (5-carboxy- 1 -oxopentyl)- 1 -octadecylferrocene, 1 -(5-carboxy- 1 -oxopentyl)- 1 '-( 1 - 
oxooctadecyl)ferrocene, ((3-rarboxypropionyl)cyclopentadieny^ (benzyl- 
cycIopentadienylJfpivaloytcyclopentadienyOiron, 1 -(9-carboxy-1 -oxononyl)-1 ^.Z.S.SA^.S-octamethylferrocene, 
1 (10-ethoxy-1 ,10-dioxodecyl)-1 '^^'^.S'^.^.S-octamethylferrocene, (neopentylcyclopentadienyl)(phenylacetyl- 
cyclopentadienyl)iron, (phenethylcyclopentadienyl)(pivaloylcyclopentadienyl)iron, 1 ,V-bis(5-methoxy-1 ,5-dioxo- 
pentyl)ferrocene, 1 -benzoyl-! -(1 -oxohexadecy1)ferrocene, 1 -acetyl-1 '-(1 -oxohexadecyl)ferrocene, 1 , 1 '-bis(1 - 
oxooctadecyl)ferrocene, 1 -acetyl-1 '-(1 -cyclohexen-1 -ylacetyl)ferrocene, 1 -acetyl-1 '-(1 -cycloocten-1 -ylacetyl)fer- 
rocene, 1 -formyM \2 p 2\3,3\4 t 4\5-0(tomethyl-5'-(2,4,6-trimethylbenzoyl)ferrocene, 1 -benzoyl-1 '-formyl- 
2 I 2 , ,3 1 3',4,4 , ( 5,5-octamethylferrocene I benzoylnonamethylferrocene, 1-(3,3-dimethyl-1-oxobuty1)-1 -oxobutyl)-1'-(1- 
oxo-4-phenylbuty1)ferrocene, 1 -(1 -oxo-5-(4-(1 -oxo-3-phenyl-2-propynyl)phenyl)pentyl)-1 -(1 -oxo-3-phenyl-2-propy- 
nyl)ferrocene, 1 (1 -oxo-4-(4-( 1 -oxo-3-phenyl-2-propynyl)phenyl)butyl)-1 -(1 -oxo-3-phenyl-2-propynyl)ferrocene, 1 - 
(1 -oxo-3-phenyl-2-propynyl)phenyl)propyt)-1 '-(1 -oxo-3-phenyl-2-propynyl)f errocene, 1 -(1 -oxo-3-(4-(1 -oxo-3-phe- 
nyl-2-propenyl)phenyl)propyl)-1 '-(1 -oxo- 3-phenyl-2-propynyl)ferrocene, 1 -(1 -oxo-3-phenylpropyl)- 1 -(1 -oxo-3-phe- 
nyl-2-propynyl)ferrocene, 1 -(phenylacetyl)-l '-(1 -oxo-3-phenyl-2-propynyl)ferrocene, 1 -(1 -oxo-5-phenylpentyl) 1 '-(1 - 
oxo-3-phenyl-2-propenyl)ferrocene, 1 -(1 -oxo-4-phenylbutyl)-1'-(1 -oxo-3-phenyl-2-propenyl)ferrocene P 1 -(1 -oxo-3- 
phenyl-2-propenyl)-2-propenyl)- 1 '-(1 -oxo-3-phenylpropyl)ferrocene, 1 -benzoyl-1 '-formylferrocene, 1 -benzoyl-1 '-(3- 
oxo-3-phenyl-1 -propenyl)ferrocene, 1 , 1 -bis(1 -oxo-2-pentenyl)ferrocene, 1 -benzoyl-1 -(1 -hydroxy-3-(1 -hydroxycy- 
clohexyl)-1 -phenyl-2-propynyl)ferrocene, 1 ,1 '-bis(3-carboxy-1 -oxopropyl)ferrocene, 1 ,1 '-bis(4-methoxy-1 ,4-diox- 
obutyl)ferrocene, 1 -acetyl-1'-(1 .S-dioxobutyO-S.S'-dimethylferrocene, 1 ,1'-bis(1 K)xopentyl)ferrocene, ((3- 
Mrboxypropionyl)ethylcyclC)pemadienyl)(e%lcydopertadienyt)i 1 , 1 '-bis(4-(2-methylbutyl)benzoyl)ferrocene, 
1 ,1 -bis(1 -oxoundecyl)ferrocene, 1 -(4-hydroxyphenyl)-V-(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 -acetyl- 1'-(3-(3- 
methoxyphenyl)-1 -oxo-2-propenyl)feirocene, 1 -acetyl-1 '-(3-(4-metnylphenyl)-1 -oxo-2-propenyl)ferrocene, 1 - 
acetyl- 1 '-(3-(4-methoxyphenyl)-1 -oxo-2-propenyl)f errocene, 1 -(3-methyl- 1 -oxo-2-butenyl)- 1 '-(phenylacetyl)fer- 
rocene, 1 -(4,4-dimethyM -oxo-2-pentenyl)-r-(phenylacetyl)ferrocene ( 1 -acetyl- 1 '-(4,4-dimethyl-1 -oxo-2-pente- 
nyl)ferrocene, 1-acetyl-1'-(3-methyl-1-oxo-2-butenyl)ferrocene ( 1 -acetyl- 1'-(1-oxo-2-butenyl)f errocene, 1-acetyl-V- 
(2-methyl-1 -oxo-2-propenyl)ferrocene, 1 -(3,3-dimethyl-1-oxobutyl)-1 '-(1 K>xo-3-phenyl-2-propenyl)ferrocene, 1 -(3- 
methyl-1 -oxobutyl)-1 -(1 oxo-3-phenyl-2-propenyl)ferrocene, 1 -(1 -oxobutyl)-1 '-(1 -oxo-3-phenyl-2-propenyl)fer- 
rocene, 1,1'-bis((4-methy1phenyl)acetyl)ferrocene, 1 , 1 -bis(3-(4-methylphenyl)-1 -oxo-2-propenyl)ferrocene, 1,1- 
bis(3-(2-furanyl)-1 -oxo-2-propenyI)ferrocene. 1 , 1 '-bis(hydroxyacetyl)ferrocene, 1 -(6-(4-methoxyphenyl)-6-oxo- 
hexyl)-V,3-bis(1-oxo-3-phenyl-2-propenyl)ferrocene, 1-(10-(4-methoxyphenyl)-10-oxodecyl)r,2-bis(1-oxo-3-phe- 
nyl-2-propenyl)ferrocene, 1 -(5-(4-methoxyphenyl)-5-oxopentyl)-1 \3-bis(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 - 
(9-(4-methoxyphenyl)-9-oxononyl)-1',2-bis(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 -(8-(4-methoxyphenyl)-8-oxooc- 
tyl)- 1 '-( 1 -oxo-3-phenyl-2-propenyl)ferrocene, 1,1*-bis(1 0-ethoxy- 1 , 1 0<Jioxodecyl)f errocene, 1 , 1 '-bis(9-ethoxy- 1 , 9- 
dioxononyi)f errocene, 1,V-bis(8-ethoxy-1,8-dioxooctyl)ferrocene, 1,V-bis(7-ethoxy-1,7-dioxoheptyl)ferrocene, 1,1'- 
bis(5-ethoxy-1 ,5-dioxopentyl)f errocene. 1 -(1 ,1 0-dioxo-1 0-phenyldecyl)-1 '-(1 -oxo-3-phenyl-2-propenyl)ferrocene. 1 - 
(1 ,9<lioxo-9-phenylnonyl)-r-(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 -(1 ,8<iioxo-8-phenytoctyl)-r-(1 -oxo-3-phe- 
nyl-2-propenyl)ferrocene, 1 -(1 ,7-dioxo-7-phenylheptyl)-1 '-(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 -methyl- 1 '-(4- 
methylbenzoyl)ferrocene, 1 -(2-methoxy-2-oxoethyl)- 1 , -(4-methylbenzoyl)ferrocene > 1 benzoyl-1 \3-bis(phenylme- 
thyl)ferrocene, 1 -benzoyl- 1\2-bis(phenylmethyl)ferrocene, 1-benzoyl-r-(1-hydroxy-1-phenylethyi)ferrocene, 1,1'- 
bis(1 , 1 '-biphenyl-4-ylcarbonyl)ferrocene, 1 -benzoyl-1 '-(1 -methy1cyclopropyl)ferrocene, 1 , 1 '-bis(3-carboxy-1 -oxo-2- 
propenyl)-2-methylferrocene, 1 -methyi-1 ',2-bis(1 -oxo-S-phenyl^-propenyOferrocene, 1 -(6-methoxy-1 ,6-dioxo- 
hexyl)- 1 '-((2-oxocyclopentyl)carbonyi)ferrocene, 1 , 1 '-bis(6-ethoxy-1 ,6-dioxohexyl)f errocene, 1 -(6-ethoxy-1 ,6-diox- 
ohexyl)-2-((2-oxocyclopentyl)cartx>nyl)ferrocene, 1 ,1'-bis(4-methoxybenzoyl)ferrocene, 1 . 1 '-bis(1 - 

oxooctyl)ferrocene, 1-carboxy-1'-(1,2-dioxopropyl)ferrocene. 1-(methoxycarbonyl)-V-(phenylacetyl)f errocene, 1- 
carboxy-1 '-(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 -carboxy-1 '-(oxophenylacetyl)ferrocene, 1 (methoxycarbonyl)- 
1 '-(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 -(3-methylphenyl)-1 '-(1 -oxo-3-phenyt-2-propenyl)ferrocene, 1 -(4-meth- 
ylphenyl)-1 '-(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 -(1 -oxo-3-phenyl-2-propenyl)-1 '-phenylferrocene, 1 -(3,5- 
dimethylphenyl)-r-(1-oxo-3-phenyl-2-propenyl)ferrocene, 1-(3,4-dimethylphenyl)-1 f -(1-oxo-3-phenyl-2-prope- 
nyl)ferrocene, 1 -(4-methoxyphenyl)-1 '-(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 -(4-(ethoxycarbonyl)phenyl-1 '-(1 - 
oxo-3-phenyl-2-propenyl)ferrocene, 1 -(3-ethylphenyl)-1 '-(1 -oxo-3-phenyl)-2-propenyl)ferrocene. 1 (4-ethylphenyl)- 
1 '-(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 -benzoyl-1 -(methoxymethyl)ferrocene, 1 , 1 '-bis(3-ethoxy-1 ,3-dioxopro- 
pyl)ferrocene, 1 (3,3-dimethyl-1 -oxobutyl)-1 ',3-dimethylferrocene, 1 -(3,3-dimethyM -oxobutyl)-1 \2-dimethylfer- 
rocene, 1 -acetyl-1 '-(2-methyl-1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 -acetyl-1 '-(1 -oxo-5-phenyl-2,4- 

pentadienyl)ferrocene, 1,r-bis(oxophenylacetyl)ferrocene, 1,V-bis(phenylacetyl)ferrocene, 1-(3-acetylphenyl)-V- 
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(1-oxo-3-phenyl-2-propenyl)ferrocene, 1 ,1 -bis(cyclohexylcartx)nyl)fenrocene, 1 ,r-bis(1 -oxohexyl)ferrocene, 1,1'- 
bis(3-methyl-1 -oxobutyl)ferrocene, 1 -(1 ,1 -dimethylethyl)-1 '-(2,2-dimethyl-1 -oxopropyl)ferrocene, 1(1,1 -dimethyle- 
thyl)-r-(2-methyl-1-oxopropyl)ferrocene, 1 -acetyl- r-(1-oxo-3iDhenyl-2-propynyl)fenrocene, 1,1'-bis(2,2-dimethyl-1- 
oxopropyl)ferrocene, 1 -acetyl- 1'-(1-oxobutyl)ferrocene, 1 -acetyl- 1'-(phenylacetyl)-2-(phenylmethyl)ferrocene, 1- 
benzoyl-1 -(phenylacetyl)ferrocene, 1 -(1 -oxobutyl)-1 '-(phenylacetyl)ferrocene. 1 -benzyl-1 '-(1 -oxobutyl)ferrocene, 
1 -( 1 -oxopropyl)- 1 '-(phenylacetyl)ferrocene. 1 -acetyl-1 '-(phenylacetyl)f errocene, 1 -benzoyl- 1 '-( 1 -oxopropyl)fer- 
rocene, 1 -acetyl -3-ethy I- V-(phenytacetyt)f errocene, 1 -acetyl- V-JphenylacetylJ-a-ODhenylmethylJferrocene, 1-(3- 
ethoxy- 1 -methyl-3-oxo-1 -propenyt)-1 '-(1 -oxo-2-butenyl)ferrocene, 1 -(3-ethoxy-1 -methyl-3-oxo-1 -propenyl)-1 -(1 - 
oxooctadecyl)ferrocene, 1 -(3-ethoxy-1 -methyl -3 -oxo- 1 -propenyl)- 1 '-(1 -oxopropyl )f errocene, 1 -acetyl- 1 '-(3-ethoxy- 
1 -methyl-3oxo-1 -propenyl)f errocene, 1 ,1'-bis(((5-((4-memoxyphencxy)ra 

rocene, 1 , 1 '-bis((3-(4-((4-methoxypherx>xy)ra 1 ,r-bis((2-(4-((4-meth- 

oxyphenoxy)carbonyl)pherx)xy)ethoxy)ra 1 , 1 *-bis((heptadecyloxy)cart)onyl)ferrocene, 1,1'- 

bis(((2,3,5 > 6 l 8,9,11,12-octahydro-1,4,7,10,13-benzopentaoxa cyclopentadecyn-IS-yOoxyJcartwnylferrocene, 1- 
cartx)xy-1 '-((phenylmethoxy)cart)onyl)ferrocene, 1 ,1 -bis((4-((4-hexylcocy)phenoxy)carbonyl)phenoxy)carbonyl)fer- 
rocene, 1 , 1 '-bis((4-((4-(perrtylcxy)phenoxy) 1 , 1 '-bis((4-((4-butoxyphe- 

noxy)rarbonyl)phenoxy)carbonyl)ferrocene, 1 , 1 *-bis((4-((4-ethoxyphenoxy)(»rbonyl)phenco(y)carbonyl)fer 
1 , 1 , -bis((4-((4-(pentyloxy)benzoyl)oxy)phenoxy)carbonyl)ferrocene, 1 , 1 '-bis(4-((4-(butoxybenzoyl)oxy)phe- 

noxy)caroonyl)f errocene, 1,V-bis((4-((4-propoxybenzoyl)oxy)phenoxy)cartx)nyl)ferrocene > 1 ,1*-bis((4-((4-ethoxy- 
benzoyl)oxy)phenoxy)carbonyl)ferrocene, 1 , 1 '-bis((4-((4-methoxybenzoyl)oxy)phenoxy)carbonyl)f errocene, 1 - 
(((1,1 *-biphenyl)-4-yloxy)cart)onyl)- 1 '-hexylferrocene, 1 -butyl- 1 '-((4-((4-(pentyloxy)benzoyl)oxy)phenoxy)carbo- 
nyl)ferrocene, 1 -butyl-1 '-((4-hexyloxy)phenoxy)carbonyl)ferrocene, 1 -butyl-1 '-((4-heptylphenoxy)carbonyl)fer- 
rocene, 1,r-bis((4-formylphenoxy)carbonyl)f errocene, I.V-bisfUS-formylphenylJmethoxyJcarbonylferroc^ 1,1'- 
bis((4-((4-(hexylcocy)benzoyl)oxy)pherx)xy)carbonyl)ferrocene, 1 > V-bis((4-(phenylmethoxy)phenoxy)carbonylfer- 
rocene, 1-((4-(decyloxy)phenoxy)cartx)nyl)-r-«^ 1 ,1'-bis((4-(decyloxy)phe- 

noxy)carbonyl)ferrocene, 1 , 1 '-bis((4-heptyloxy)phenoxy)cart>onyl)ferrocene, 1 , 1 '-bis((4-(1 , 1 - 

dimethylethyi)phenoxy)cartx>nylferrocene, 1 ,V-bis(methoxycarbonyl)-2,2'-bis(methoxymethyl)ferrocene, 1 ,V- 
bis(methoxycarbonyl)-2,3'-bis(methco(ymethyl)ferrocene^ 1 , 1 , -bis(ethoxy(^rtx)nyl)-2 I 3 , -bis(methoxymethyl)fer- 
rocene, 1 , 1 *-bis(ethcocyc^rbonyl)-2,2 , -bis(methoxymethyl)ferrocene, 1 -(ethoxycarbonyt)- 1 ',2-bis(methoxyme- 
thyl)ferrocene, 1 , 1 '-bis(((1 ,4-dihydro- 1 ,4Kjicocy-2-rTaphthalenyl)oxy)carbonyl)ferrocene, 1 . 1 '-bis(((4- 

(heptyloxy)(1 ,1'-biphenyl)-4-yl)Qxy)carbonyl)ferrocene, 1 ,1 '-bis(((4'-(hexyioxy)(1 ,1 '-biphenyl)-4-yl)oxy)cart)onyl)fer- 
rocene, 1 , 1 -bis((4'-(pentyloxy)( 1 , 1 -biphenyl)-4-yl)oxy)carbonyl)ferrocene > 1 , 1 '-bis(((4'-butoxy( 1 , 1 '-biphenyt)-4- 
yl)oxy)carbonyl)ferrocene, (methoxycaraonyl)nonamethylferrocene, 1,V-(methoxycartx)nyl)2,2 , ,3 > 3',4,4',5,5'- 
octamethylf errocene, 1 -(2-acetyl-3-oxobutyl)-1 '-(methoxycarbonyl)ferrocene, 1 -(methoxycarbonyl)l '-(phenoxyme- 
thyl)ferrocene, 1 , 1 *-bis((1 , 1 KJimethylethoxy)cart)onyl)ferrocene, 1 , 1 -bis(((3-hydroxymethy1)phenyl)methoxy)carbo- 
nyl)ferrocene, 1 , 1 -bis(((5-(hydroxymethyl)-2-f uranyl)methoxy)cartxxiyl)f errocene, 1 , 1 -bis((4- 

hydroxyphenoxy)carbonyl)ferrocene, 1 -acetyl- 1 '-(propoxycarbonyl)ferrocene, 1 -acetyl- 1 '-(ethoxycarbonyl)fer- 
rocene, decakis(methoxycarbonyl)ferrocene, 1,1 -bis((2-propenyloxy)cartx)nyl)f errocene, 1 , 1 '-bis((phenylmeth- 
oxy)cart)onyl)ferrocene, 1 -(ethoxycarbonyl)-l -ethytferrocene, 1 -(ethoxycartx>nyl)-1 -methoxyferrocene, 1 - 
(ethoxycarbonyl)- 1 '-phenytferrocene, 1 -acetyl-1 , -(4-(ethoxycart>onyl)phenyl)ferrocene, 1 , 1 '-bis((oxiranylmeth- 
oxy)carbonyl)ferrocene, 1 -(hydroxymethyl)-l , -(methoxycartx)nyl)fenrocene, 1 -(methoxycarbonyl)-l ',2-diphenylfer- 
rocene, 1-(methoxycartx>nyl)-1\3<liphenylf errocene, 1,r-bis(methoxycarbonyl)3-methylferrocene, 1,2KJiformyl- 
r t 2\3,3'AA',5 l 5 t -octeme\\ytterTocene, 1 '-formyl-1 ,2,3,4-tetramethyl^^^^ 

1 -acetyl-1 '-(2-ethoxy-2-oxoethyl)ferrocene, 1 -formyl-1 '-(((e-hydroxyhexyOoxyJmethyOferrocene, 1 , 1 '-diacetyl-3,3'- 
bis(1 , 1 -dimethylethyl)ferrocene, 1 '-formyl-1 ,2,3,4,5-perrtamethylferrocene, 1 -(1 -methyl-3-oxo-1 -butenyl)-1 *-(1 -oxo- 
propyl)ferrocene, 1 -acetyl-1 '-(1 -methyl-3-oxo-1 -butenyl)ferrocene, 1 '-formyl-1 ,2-dimethylferrocene, 1 -formyl- 
1 '^^'.S.S'^^'.S-octamethylferrocene, (acetylcyd(^ertadienyl)(neopentylcyclopentadienyl)iron, 1 -acetyl-1 '-ethy- 
nylferrocene, (benzoylcyclopentadienyl)(neopentylcyclopentadienyl)iron, acetylnonamethylferrocene, 1-formyl-V- 
(hydroxyphenylmethyl)-2,2\3,3\4,4 , ,5,5 , -octamethylferrocene, 1 -formyl-1 '-(1 -hydroxyethyO^'.S.S'.M'.S.S'- 
octamethytferrocene, 1 -formyl-3-(hydroxymethyl)-1 '^^'.S'^^'.^S'-octamethylferrocene, (acetylcyclopentadi- 
enyl)(hydroxycyclopentadienyl)iron, 1 '-acetyl-1 ,2,3,4,5-pentaphenylierrocene, 1 , 1 '<liacetyl-3,3'<limethylferrocene, 
(acetylcyclopentadienyl)((2-carboxyvinyl)cyclopentadienyl)iron, (acetylcyclopentadienyl)((2-carboxye- 
thyl)cyclopentadienyl)iron, formylnonamethyfferrocene, 1 , 1 '-diformyl -2, 2*. 3, S'^^'.S.S'-octamethylf errocene, 1 - 
formyl-1 '-(hydroxymethyl)ferrocene, 1 -acetyl-1 '-(1 -(acetyloxy)ethynyl)ferrocene, 1 -acetyl-1 '-(8-(4-methoxyphenyl)- 
8-oxooctyl)ferrocene, 1 -acetyl- V,3-bis(phenylmethyl)f errocene, 1 -acetyl-1 \2-bis(phenylmethyl)f errocene, 1-acetyl- 
r-(1-hydroxy-1-phenylethyl)ferrocene, 1,1*-diacetyl-2-methylferrocene, l.r-diacetyl-3-methylferrocene, 1-formyl-2- 
(4-methoxyphenyl)ferrocene, 1-(3-ethylphenyl)-1'-formylfeiTocene, 1-(4-ethylphenyl)-1'-formylferrocene, 1-(3,5- 
dimethylphenyl)-r-formylferrocene, 1-(4-(ethoxycarbonyl)phenyl)-V-formylferrocene, 1-(3,4-dimethylphenyl)-1'- 
formylfenrocene, 1 -formyl-1' (4-methoxyphenyl)ferrocene, 1-formyl1'-(4-methylphenyl)ferrocene, 1 -formyl-1 '-(3- 
methylphenyl)ferrocene, 1 -acetyl- 1'-(4-(acetyloxy)phenyl)ferrocene, 1 -formyl-1 -phenylferrocene, 1 -acetyl- V-(4- 
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methoxypheny!)ferrocene, 1 -acetyl- 1 '-(3, 4-dimethylphenyl)f errocene, 1 -acetyl-1 '-(3,5-dimethylphenyl)ferrocene, 1 - 
acetyl- 1 '-(4-methylphenyl)ferrocene, 1 -acetyl- r-phenylferrocene, 1 -acetyl-1 , -(3-methylphenyl)ferrocene, 1 -acetyl- 
1 '-(2-benzoyl-3-oxo-1 -butenyl)ferrocene, 1 -acetyl-1 '-(3-oxo-5-phenyl-1 ,4-pentadienyl)ferrocene, 1 -acetyl-1 '-(2- 
acetyl-5-oxo-5-phenyl-1 ,3-pentadienyl)ferrocene, 1 -acetyl-1 '-(5-oxo-5-phenyl- 1 ,3 -pentadienyl)f errocene, 1 -acetyl- 
1 '-(1 -hydroxyethyl)f errocene, 1 -acetyl-r-(1 -methoxy-3-phenyl-2-propenyl)ferrocene, 1 -acetyl-1 \3-bis(1 -methyle- 
thyl)ferrocene, 1 '-acetyl- 1,2<Jimethylferrocene, 1 '-acetyl-1 ,3-dimethylferrocene, 1 -acetyl- 1\3-bis( 1,1 -dimethyl e- 
thyl)ferrocene, 1 -acetyl- 1 '-(S-methoxy-S-phenyl- 1 -propenyl)ferrocene, 1 -acetyl-1 \2-bis(1 , 1 - 

dimethylethyl)ferrocene, 1 -acetyl- 1',2-t)is(1-methylethyl)ferrocene, 1 -acetyl-1', 2<Jiethylferrocene, 1 -acetyl- 1'-(3- 
oxobutyl)ferrocene, 1 -acetyl-1 '-(3-acetylphenyl)ferrocene, 1 -acetyl-1 '-(4-acetylphenyl)fenrocene, 1 -acetyl-1 '-meth- 
oxy-ferrocene, 1 -acetyl-1 '-(tributylstannyl)f errocene, and 1-formyl-r-(tributylstannyl)ferrocene. 

(vi) Examples of compourxjs having one or more sulfur-containing group substituents having 1 to 20 carbon atoms 
include 1 -butyl- r-(4-mercapto-1-oxobutyl)fenrocenium, 1,1 , -bis(4-mercapto-1-oxobutyl)ferrocene, 1 -(4-mercapto- 
1 -oxobutyl)-1 '-(1 -oxobutyl)ferrocene, 1 -butyl-1 '-(4-mercapto-1 -oxobutyl)ferrocene, 1 -(2-phenylethyl)-1 '-(2-thienyl- 
carbonyl)ferrocene, 1 -ethyl-3-(1 -hydroxyethyl)-1 , -(2-thienylcarbonyl)ferrocene, 1 -(phenylacetyl)- 1 '-(2-thienylcarbo- 
nyl)ferrocene, 1 -benzoyl- 1 '-(2-thienylcarbonyl)ferrocene, 1 (1 -oxopropyl)1 '^-thienylcarbonyOferrocene, IJ*- 
bis((2-((2-((1,3<Jrthiol-2-ylideneH^ 1-(methoxycarbonyl)-1'-((phe- 
nylthio)methyl)f errocene, 1 , 1 '-bis((2-(3-thienyl)ethoxy)carbonyl)ferrocene, 1 , 1 '-bis(((5-(hydroxymethyl)-2- 
thienyOmethoxyJcarbonylJferrocene, 1 -(methoxycarbonyl)-l '-(methoxysulfonyl)ferrocene, 1 -acetyl-1 '-(5-acetyl-3- 
phenyl-2-thienyl)ferrocene, cyclopentadienyl((1 -formyl-2-(2-thienyl)vinyl)cyclopentadienyl)iron, 1 -formyl-1 '-sulfofer- 
rocene, 1 -acetyl- 1'-(methoxysulfonyl)f errocene, and 1 -acetyl- V-suHoferrocene. 

(vii) Examples of compounds having one or more phosphorus-containing group substituents having 1 to 20 carbon 
atoms include 1 ,1 '-bis(diphenylphosphino)ferrocene, 1 -acetyl-1 '-((diphenylphosphinoJacetyOferrocene, 1.1'- 
bis((diphenylphosphino)acetyl)ferrocene, 1 (diphenylphosphino)-l '-formylferrocene, 1 -acetyl-1 '-(diphenylphos- 
phino)ferrocene, and 1 -acetyl- r-(dipheny1phosphinyl)ferrocene. 

(viii) Examples of compounds having substituents crosslinked to each other include 1 , 1 '-diacetyl-2,3'-(1 ,3-propan- 
ediyl)ferrocene, 1 ,2-diacetyl- 1 ,4'-(1 ,4-butanediyl)ferrocene, 1 , 1 , -bis(methoxycarbonyl)-2,2 , -(oxybis(methylene))fer- 
rocene, 1 ,1'-bis(ethoxyc»rbonyl)-2,2'-(oxybis{methylene))ferrocene, 1 -benzoyl-1 -(3-oxo-3-phenyl-1 -propenyl)-3,3'- 
(1 ,3-propanediyl)ferrocene, 1 -(phenylacetyl)l ',3-(1 ,3-propanediyl)ferrocene, 1 -((4-methoxyphenyl)acetyl)1 \3-(1 ,5- 
pentanediyl)ferrocene, 1 -((4-methoxyphenyl)acetyl) 1 ',3(1 ,3-propanediyl)ferrocene, 1 , 1 '-(1 ,5-pentanediyl)-3-(phe- 
nylacetyl)ferrocene, 1 -formyl-1 \3-(1 ,5-pentanediyl)ferrocene, 1 ,1 , -diacety!-3,3'-(1 ,5-pentanediyl)f errocene, 1 -ben- 
zoyl- r,2-(1,3-cyclopentanediyl)f errocene, r,2-(1,4-butanediyl)-1-formyl-2',3-(1,3-propanediyl)ferrocene, 1,1- 
diacetyl-2',3-(1 ,5-pentanediyl)ferrocene, 1 -(1 -oxo-2-propenyl)-1 \3-(1 ,3-propanediyl)ferrocene, 1 -(methoxycarbo- 
nyl)-1',2-(1,3-propanediyi)ferrocene, 1-acetyl-1'-(1-oxo-3-phenyl-2-propenyl)-2',3-(1,3-propanediyl) ferrocene, 1- 
acetyl-1\3-(3-phenyl-1 ,5-pentanediyl)f errocene, 1 ,1 '-diacetyl-2,3'-(1 ,4-butanediyl)f errocene, 1 ,1 -diacetyl-S.S'-O ,4- 
butanediyl)ferrocene, 1 ,1'-diacetyl-2,3 , -(1 ,4-butanediyl)ferrocene. 1 (methoxycarbonyl)-r,3-(1 ,3-propanediyl)fer- 
rocene, 1 -formyl-1 \3-(1 ,3-propanediyl)ferrocene, 1 -formyl-1 \2-(1 ,3-propanediyl)ferrocene, 1 '-acetyl-1 -(1 -oxo-2- 
propenyl)-2,3'-(1 ,5-pentanediyl)f errocene, 1 -acetyl-1 '-(1 -oxo-2-propenyl)-3,3 -(1 ,5-pentanediyl)ferrocene, 1 -ben- 
zoyl- r-(3-oxo-3-phenyl-1-propenyl)-3.3'-(1,5-pentanediyl)f errocene, 1 -benzoyl- 1 '-for myl-3,3'-(1, 5-pentanediyl)fer- 
rocene, 1 -benzoyl-1 '-formyl-3,3'-(1 ,3-propanediyl)ferrocene. 1 ,1'-bis(methoxycarbonyl)-2,2 , :3 l 3 , -bis(1 ,3- 
propanediyl)ferrocene, 1,r-bis(methoxycarbonyl)2,2':4,4 , -bis(1,3-prorjanediyl)fenrocene U'-bisfmethoxycarbo- 
nyl)-2,4':2',4-bis(1 ,3-propanediyl)f errocene, 1 -(methoxycarbonyl)-l ',2:3',4-bis(1 ,3-propanediyl)ferrocene. 1 ,4- 
bis(methoxycarbonyl)-1 '.2:2',3-bis(1 ,3-propanediyl)ferrocene, 1 -(methoxycarbonyl)-l ',2:2',3-bis(1 ,3-propan- 
ediyl)ferrocene, 1 ',2(1 ,4-butanediyl)-1 -(4-methoxy-1 ,4<iioxobutyl)-2',3-(1 -oxo-1 ,3-propanediyl)ferrocene, 1,1'- 
bis(methoxycarbonyl)-2,3'-(1 ,3-propanediyl)ferrocene, 1 ,r-bis(methoxycarbonyl)-3,3'-(1 ,3-propanediyl)ferrocene, 
1 -(methoxycarbonyl)-l ',3-(1 ,3-propanediyl)ferrocene, 1 ,1 '-bis(methoxycarbonyl)-2,2'-(1 ,3-propanediyl)ferrocene, 
1 -formyl-1 ',2-(1 ,5-pentanediyl)f errocene, 1 -acetyl-1 '-(1 -oxo-3-phenyl-2-propenyl)-3,3'-(1 ,5-pentanediyf)ferrocene, 
1,V-bis(1-oxo-3-phenyl-2-propenyl)-3,3'-(1,5-pentanediyl) ferrocene, 1 -formyl-1 \2 :3,4-bis(pentanediyl)ferrocene, 
1 -acetyl-1 ,2(1 ,3-cyclopentanediyl)ferrocene, 1 ,1 '<\\acety\-3,3'-(l ,5-pentanediyl)ferrocene, 1 ,2-diacetyl-1 ',4(1 ,3- 
propanediyl)ferrocene, 1 ,1'<Jiacetyl-3,3*-(1 ,3-propanediyl)ferrocene, 1 ,1'-diacetyl-2,2'-(1 ,3-propanediyl)ferrocene, 
1 ,4-diacetyl-1 \2-(1 ,3-propanediyl)ferrocene, 1 -(1 -oxo-3-phenyl-2-propenyl)-1 ,2'-(1 ,3-propanediyl)ferrocene, 1,1'- 
bis(1-oxo-3-phenyl-2-propenyl)-3,3'-(1 ,3-propanediyl)f errocene, 1 ,1'-bis(1 -oxo-3-phenyl-2-propenyl)-2,3'-(1 ,3-pro- 
panediyl)f errocene, 1 -(1 -oxo-3-phenyl-2-propenyl)-1 ',3-(1 ,3-propanediyl)ferrocene. 1 -acetyl-1 '-(1 -oxo-3-phenyl-2- 
propenyl)-3,3'-(1 ,3-propanediyl)ferrocene, 1 -acetyl-1 '-(1 -oxo-3-phenyl-2-propenyl)-2,2'-(1 ,3-propanediyl)fer- 
rocene, 1-acetyl-1'-(1-oxo-3-phenyl-2-propenyl)-2,3'-(1,3-propanediyl)ferrocene, l.l^liacetyl-S.S'-O.S-propan- 
ediyl)ferrocene, 1 , 1 '-diacetyl-2,2'-(1 ,3-propanediyl)ferrocene, 1 , 1 '-diacetyl-2,3'-(1 ,3-propanediyl)ferrocene, 1 - 
acetyl-1 ',2(1 ,3-propanediyl)ferrocene. 1 -benzoyl-1 *,3-(1 ,3-propanediyl)f errocene, 1 -benzoyl- V,2-(1 ,3-propan- 
ediyl)ferrocene, 1 -(1 -oxopropyl)-1 ,3(1 ,3-propanediyl)f errocene, 1 (1 -oxopropyl)-1 ',2(1 ,3-propanediyl)ferrocene, 
1 -acetyl-1 ,3(1 ,3-propanediyl)ferrocene, 1 -acetyl-1 ',3-(4-oxo-1 ,4-butanediyl)ferrocene, 1 -acetyl-1 \2-(4-oxo-1 ,4- 
butanediyl)ferrocene, 1 -acetyl-1 ',2-(1 -oxo-1 ,4-butanediyl)ferrocene, 1 -acetyl-1 ,3-(5-oxo-1 ,5-pentanediyl)fer- 
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rocene, 1-acetyl-1',2-(5-oxo-1,5-pentanediyl)ferrocene, l-acetyl-V.S-CS-oxo-l^-propanediylJferrocene, 1-acetyl- 
1 \3-(1 -c*o-1 ,3-propanediyl)ferrocene, 1 -acetyl-1 \2-(3-oxo-1 ,3-propanediyl)ferrocene. 1 -acetyl-1 \2-(1 -oxo-1 ,3- 
propanediyl)ferrocene, 1 -acetyl-1 \2:3\4-bis(1 ,3-propanediyl)ferrocene, 1 -acetyl-1 ',3-(1 ,5-pentanediyl)ferrocene, 
1-acetyl-r,2-(1,5-pentanediyl)ferrocene, 1 -acetyl- 1,3-(1,4-butanediyl)ferrocene, 1 -acetyl- 1\2-(1,4-butanediyl)fer- 
rocene, 1 -formyl-1 ',3-(1 ,3-propanediyl)ferrocene, 1 -formyl-1 \2-(1 ,3-propanediyl)ferrocene, 1 -(4-methoxy-1 ,4-diox- 
obutyl)-1 \2-(1 ,3-propanediyl)ferrocene, 1 -(4-methoxy-1 ( 4-dioxobutyl)-1 ',3-(1 ,3-propanediyl)ferrocene, 1 -(3- 
carboxy-1 -oxopropyl)-1 \2-(1 ,3-propanediyl)ferrocene, 1 (3-carboxy-1 -oxopropyl)-1 .3(1 ( 3-propanediyl)ferrocene, 
1 -iodo-1 \2:3',4-bis(1 ,3-propanediyl)ferrocene, 1 -iodo-1 \3-(1 ,5-pentanediyl)ferrocene, ^,r-^\bromo-^,2:3,3':5,5'' 
tris(1 ,3-propanediyl)ferrocene, 1 . 1 '^lichloro^^'-tdiphenylsilylenejferrocene, 1 , 1 , <ilchloro-2 1 2 , -(dichlorosi- 
lylene)ferrocene, 1 , 1 'Kiiiodo-2,3 -(1 ,3-propanediyl)ferrocene, 1 , 1 -dibromo-2 ,3'-(1 ,3-propanediyl)ferrocene, 1 , 1 -dii- 
odo-3,3'-(1 ,3-propanediyl)ferrocene, 1 ,1 -dibromo-3 ( 3-(1 .S-propanediyOferrocene, 1 -iodo-1 \3-(1 ,3- 

propanediyl)ferrocene, 1-bromo-1*,3-(1,3-propanediyl)ferrocene, 1 ( r<Jiiodo-2,2'-(1,3-propanediyl)ferrocene, 1.1'- 
dibromo-2,2'-(l ,3-propanediyl)ferrocene, 1 -iodo-1 ',2(1 ,3-propanediyl)ferrocene, 1 -bromo-1 \2-(1 ,3-propan- 
ediyl)ferrocene, 1 -chloro-1 ',3-(1 ,5-dioxo-3-phenyl-1 ,5-pentanediyl)ferrocene, 1 -bromo-1 ',3-(1 ,5KJioxo-3-phenyl- 
1 ,5-pentanediyl)ferrocene. and 1 -bromo-1 \3-(3-carboxy-1 ,5<Jioxo-1 ,5-pentanediyl)ferrocene. 

3. Cleavage-type photoinitiator (C) 

The cleavage-type photoinitiator (accelerator) (C) for use in the present invention is not particularly limited. Exam- 
ples of the cleavage-type photoinitiator are given in Examples and below. Namely, examples thereof include (i) ace- 
tophenone photoinitiators such as 4-phenoxydichloroacetophenone, 4-t-butykJichloroacetophenone. 4-t- 
butyltrichloroacetophenone, diethoxyacetophenone, 2-hydroxy-2-methyl-1-phenylpropan-1-one > 1-(4-isopropylphenyl)- 
2-hydroxy-2-methylpropan-1 -one, 1 (4-dodecylphenyl)-2-hydroxy-2-methylpropan-1 -one, 4-(2-hydroxyethoxy)phenyl 
(2-hydroxy-2-propyl) ketone, 1-hydroxycyclohexyl phenyl ketone, and 2-methyl-1-(4-(methylthio)phenyl)-2-morpholino- 
propane-1; (ii) benzoin photoinitiators such as benzoin, benzoin methyl ether, benzoin ethyl ether, benzoin isopropyl 
ether, benzoin isobutyl ether, and benzoin methyl ketal; and (iii) other photoinitiators including a-acyloxime esters, acyl- 
phosphine oxides, methylphenyl glyoxylate, S.S'^^'-tetratt-butyl peroxycarbonyl)benzophenone, and 2,2'-azobis(2- 
methylbutyronitrile). 

In the case where the cleavage-type photoinitiator used is a peroxide, heating can also be used to cure the com- 
position. In the case where the cleavage-type photoinitiator used is an azo compound, the composition can be foamed 
by regulating the addition amount of the photoinitiator or the quantity of light with which the composition is irradiated. 

The photocurable composition of the present invention is prepared by mixing and stirring the a-cyanoacrylate (A), 
the metallocene compound (B) comprising a transition metal of Group VIII of the periodic table and aromatic electron 
system ligands, and the cleavage-type photoinitiator (C) to completely dissolve the components (B) and (C) in the com- 
ponent (A). In the case where heating and stirring are required to dissolve the component (C), heating and stirring are 
conducted at a temperature such that the component (A) is not degraded in quality or decomposed (generally up to 
about 60°C). The component (B) is dissolved in a similar manner as in the component (C). In general, the component 
(B) can be dissolved in the component (A) so that it is necessary to heat and stir the component (B). 

During and after adding the component (B) and (C), especially the component (C), to the component (A), the reac- 
tion system must be maintained to be shaded. 

The component (C) is added to the component (B) in limited amounts while stirring, so as not to add all the com- 
ponent (C) at a time. 

The jabove components each may be a single compound or a mixture of two or more compounds. 

The^drtibn'amount of the component (B), which varies widely depending on kinds of the component (B), is 10 to 
1 00,000 ppm by weight, preferably 30 to 50,000 ppm by weight, more preferably 50 to 1 0,000 pom based on the weight 
of the component (A). 

The addition amount of the component (C), which varies widely depending on kinds and addition amount of the 
component (B) and kinds of the component (C), is 100 to 20,000 ppm by weight, preferably 300 to 15,000 ppm by 
weight, more preferably 500 to 10,000 ppm based on the weight of the component (A). 

The addition amount of the component (B) can be reduced by adding the component (C) to the component (A). 

In the case where the respective components are a mixture comprising two or more ingredients, the total amount 
of the ingredients of each component is the above addition amount. 

The composition may further contain one or more of the following ingredients as long as the effect of the present 
invention is not impaired. 

(1) anionic-polymerization inhibitors 

(2) radical-polymerization inhibitors 

(3) thickening agents 

(4) specific additives such as curing accelerators, plasticizers, tougheners, and heat stabilizers. 



10 



EP0 769 721 A1 



(5) perfumes, dyes, pigments, etc. 

A radical-polymerizable compound such as an acrylic ester, can be added to the photocurable composition of the 
present invention. Even if a radical-polymerizable compound is added, the photocurable composition of the present 
invention can be rapidly cured owing to the cleavage-type photoinitiator. 

An anionic-polymerisation inhibitor may be added in order to enhance the storage stability of the composition. 
Known examples thereof include sujfujjioxjde, sulfur trioxide, nitrogen oxide, hydrogen fluoride, and p-tolu^uJfonia_ 
acid. The anionic-polymerization inhibitor may be added in an amount of 0.1 to 10,000 ppm by weight based on the 
weight of the component (A). 

Examples of radical-polymerization inhibitors include quinone. hydroquinone, t-butylcatechol, and p-methoxyphe- 
nol. The radical-polymerization inhibitor may be added in an amount of 0.1 to 10,000 ppm by weight based on the 
weight of the component (A). 

A thickening agents may be added in order to heighten the viscosity of the composition. Examples thereof include 
polymethacrylates (including poly(methyl methacrylate)), methacrylate copolymers, acrylic rubbers, cellulose deriva- 
tives, polyvinyl acetate), and poly(a-cyanoacrylate)s. 

Many kinds of polymeric additives may be added usually for toughening. Examples thereof include acrylic elastom- 
ers, acrylonitrile copolymer elastomers, f luoroelastomers, and a fine silica filler. These substances function also as 
thickening agents. Other additives known to artisans may be used in the present invention. 

The curing of the photocurable composition of the present invention includes two kinds of curing, i.e., curing by ani- 
onic polymerization caused by a minute amount of the adsorption water present on adherend surface and curing by ani- 
onic photopolymerization caused by light irradiation using a metallocene compound. 

The method for curing the photocurable composition of the present invention using light irradiation comprises coat- 
ing an adherends with the photocurable composition and irradiating the composition with electron beam, ultraviolet 
light visible light or near infrared light using a high pressure mercury lamp, a halogen lamp, a xenon lamp or sunlight. 
Effective wavelength of the irradiated light varies with kinds of the metallocene compound and cleavage-type photoini- 
tiator. Ultraviolet light and visible light are preferred. 

The photocurable composition of the present invention may be applied to various known uses as well as, in partic- 
ular jo^Jing^l^ furnishing a reel seat oMfehirstline guides on a f ishing rod. to f ixlng.wir^ such as 
a coillofilling for use in dental remedy, and to bonding or decorating an artificial nail. 

The present invention will be explained below by reference to Examples and Comparative Examples, but the inven- 
tion should not be construed as being limited to these Examples. 

For the evaluation of photocurability, a 4-kW high-pressure mercury lamp (manufactured by Oak Manufacturing 
Co Ltd.) was used as an ultraviolet irradiator to irradiate each sample from a distance of 15 cm. The values of inte- 
grated quantity of light shown in the Examples and Comparative Examples were found values obtained with integrating 
actinometer UV-350 (manufactured by Oak Manufacturing Co., Ltd.). 

The results of a photocurability test shown in the Examples and Comparative Examples are given in terms of the 
integral of the quantity of light needed for complete photocuring; an irradiation operation in which the integrated quantity 
of light was regulated to 1 .000 mJ/cm 2 was repeated until completephotocuring. 

In the Exanples and Comparative Examples^Thjge^ondJZ^ (ethyl a-<^anoacjyiate adhesive; hereinafter 
abbreviated as TB1741) was used as an a-cyanoacrylate unless otherwise indicated. 

The cleavage-type (hereinafter referred to as P1 type) photoinitiators used in the Examples and Comparative 
Examples were an acylphosphine oxide (hereinafter abbreviated as APO), Irgacure 184 (1 -hydroxycyclohexyl phenyl 
ketone manufactured by Ciba-Geigy Ltd.), Irgacure 651 (benzyl dimethyl ketal manufactured by Ciba-Geigy Ltd.), 
Vicure 55 (methylphenyl glyoxylate manufactured by Stauffer Chemical Company), BTTB (3,3\4,4'-tefra(t-butylperoxy- 
carbonyl)benzophenone manufactured by Nippon Oil & Fats Co., Ltd.), and V-59 (2,2'-azobis(2-methylbutyron.trile) 
manufactured by Wako Pure Chemical Industries, Ltd.). 

EXAMPLES 1 TO 11 

In Examples 1 to 5, ferrocene (hereinafter referred to as CpsFe) as a metallocene compound alone was added to 
TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

In Examples 6 to 1 1 , Cp2Fe as a metallocene compound and various P1 type photoinitiators were added to TB1 741 
in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

COMPARATIVE EXAMPLES 1 TO 13 

In Comparative Exarrple 1 , TB1 741 alone was irradiated with light to ascertain as to whether a cured resin was not 
obtained. 

In Comparative Exarrples 2 to 7, various P1 type photoinitiators alone were added to TB1741 in predetermined 



11 



EP0 769 721 A1 



amounts to obtain cyanoacrylate compositions. 

In Comparative Examples 8 to 10, various hydrogen-abstracting (hereinafter referred to as P2 type) photoinitiators 
alone were added to TB1 741 in predetermined amounts to obtain cyanoacrylate compositions. 

In Comparative Examples 1 1 to 13, CfeFe and various P2 type photoinitiators were added to TB1741 in predeter- 
5 mined amounts to obtain cyanoacrylate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results of Examples 1 to 1 1 and Comparative Examples 1 to 13 are shown in Table 1 



Table 1 









r iXJIUINIUcllUl 


AHrlitinn Amount 


Amount of Cp2Fe 


Photocurability 
(mJ/cm 2 ) 


15 


Ex. 1 










1 ,000 ppm 


20,000 




Ex. 2 










5,000 ppm 


15.000 




Ex.3 




... 





10,000 ppm 


12,000 




Ex.4 










30,000 ppm 


5,000 


20 


Ex.5 




... 





50,000 ppm 


2,000 




Ex.6 


P1 type 


APO 


1 ,000 ppm 


5,000 ppm 


1,000 




Ex. 7 




Irgacure 184 


10,000 ppm 


5,000 ppm 


2,000 


25 


Ex.8 




Irgacure 651 


10,000 ppm 


5,000 ppm 


9,000 




Ex.9 




Vicure 55 


5,000 ppm 


1 ,000 ppm 


7,000 




Ex. 10 




BTTB 


5,000 ppm 


1 ,000 ppm 


3,000 




Ex. 11 




V-59 


5,000 ppm 


1 ,000 ppm 


6,000 


30 


Comp. Ex. 1 




... 





— 


20,000< 




Comp. Ex. 2 


P1 type 


APO 


1 ,000 ppm 


— 


20,000< 




Comp. Ex. 3 




Irgacure 184 


10,000 ppm 


... 


20,000< 


35 


Comp. Ex. 4 




Irgacure 651 


10,000 ppm 




20,000< 




Comp. Ex. 5 




Vicure 55 


5,000 ppm 




20,000< 




Comp. Ex. 6 




BTTB 


5,000 ppm 




20,000< 




Comp. Ex. 7 




V-59 


5,000 ppm 




20,000< 


40 


Comp. Ex. 8 


P2type 


benzophenone 


5,000 ppm 




20,000< 




Comp. Ex. 9 




benzanthrone 


1 ,000 ppm 




20,000< 




Comp. Ex. 10 




phenanthrenequinone 


1 ,000 ppm 




20,000< 


45 


Comp. Ex. 1 1 




benzophenone 


5,000 ppm 


5,000 ppm 


15,000 




Comp. Ex. 12 




benzanthrone 


1 ,000 ppm 


5,000 ppm 


20,000< 




Comp. Ex. 13 




phenanthrenequinone 


1 ,000 ppm 


5,000 ppm 


16,000 



* 20,000< in photocurability evaluation means that the sample remained uncured after irradiation in an integrated quantity 
of light of 20,000 mJ/cm 2 . 



55 EXAMPLES 12 TO 20 

In Examples 12 to 14, ethylferrocene (hereinafter referred to as (EtCp)CpFe) as a metallocene compound alone 
was added to TB1 741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

In Examples 15 to 20, (EtCp)CpFe as a metallocene compound and various P1 type photoinitiators were added to 
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TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

COMPARATIVE EXAMPLES 14 TO 16 

In Comparative Exarrples 14 to 16, (EtCp)CpFe and various P2 type photoinitiators were added to TB1741 in pre- 
determined amounts to obtain cyanoacrylate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results of Examples 12 to 20 and Comparative Examples 14 to 16 are shown in Table 2. 



Table 2 







Photoinitiator 


Addition Amount 


Amount of 
(EtCp)CpFe 


Photocurability 
(mJ/cm 2 ) 


Ex. 12 




... 


— 


1,000 ppm 


8,000 


Ex. 13 








5,000 ppm 


6,000 


Ex. 14 








10,000 ppm 


5,000 


Ex. 15 


P1 type 


APO 


1 ,000 ppm 


5,000 ppm 


1,000 


Ex. 16 


Irgacure 184 


10,000 ppm 


5,000 ppm 


2,000 


Ex. 17 


Irgacure 651 


10,000 ppm 


5,000 ppm 


2,000 


Ex. 18 


Vicure 55 


5,000 ppm 


1,000 ppm 


3,000 ! 


Ex. 19 


BTTB 


5,000 ppm 


1 ,000 ppm 


2,000 


Ex. 20 


V-59 


5,000 ppm 


1,000 ppm 


3,000 


Comp. Ex. 14 


P2 type 


benzophenone 


5,000 ppm 


5,000 ppm 


6,000 


Comp. Ex. 15 


benzanthrone 


1,000 ppm 


5,000 ppm 


7,000 


Comp. Ex. 16 


phenanthrenequinone 


1 ,000 ppm 


5,000 ppm 


16,000 



EXAMPLES 21 TO 26 

In Comparative Example 21 to 22, n-butylferrocene (hereinafter referred to as (BuCp)CpFe) as a metallocene com- 
pound alone was added to TB1741 in a predetermined amount to obtain a photocurable cyanoacrylate composition. 

In Examples 23 to 26, (BuCp)CpFe as a metallocene compound and various P1 type photoinitiators were added to 
TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

COMPARATIVE EXAMPLES 17 TO 19 

In Comparative Examples 17 to 19, (BuCp)CpFe as a metallocene compound and various P2 type photoinitiators 
were added to TB1741 in predetermined amounts to obtain cyanoacrylate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results of Examples 21 to 26 and Comparative Examples 17 to 19 are shown in Table 3. 
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Table 3 







Photoinitiator 


Addition Amount 


Amount of 
(BuCp)CpFe 


Photocurability 
(mJ/cm 2 ) 


Ex. 21 








5,000 ppm 


5,000 


Ex. 22 








10,000 ppm 


4,000 


Ex. 23 


P1 type 




1 nnn nnm 


5,000 ppm 


1,000 


Ex. 24 


irgacure io** 


10 000 nnm 


5,000 ppm 


2,000 


Ex. 25 


Irgacure 651 


10,000 ppm 


5,000 ppm 


4,000 


Ex. 26 


Vicure 55 


5,000 ppm 


1 ,000 ppm 


3,000 


Comp. Ex 17 


P2 type 


benzophenone 


5,000 ppm 


5,000 ppm 


6,000 


Comp. Ex. 18 


benzanthrone 


1,000 ppm 


5,000 ppm 


12,000 


Comp. Ex. 19 


phenantnrenequinone 


1 ,000 ppm 


5,000 ppm 


10,000 



FXAMPLES 27 TO 31 

In Example 27, tert-amylferrocene (hereinafter referred to as (AmCp)CpFe) as a metallocene compound alone was 
added to TB1 741 in a predetermined amount to obtain a photocurable cyanoacrylate composition. 

In Examples 28 to 31, (AmCp)CpFe as a metallocene compound and various P1 type photoinitiators were added 
to TB1 741 in predetermined amounts to obtain photocuraWe cyanoacrylate compositions. 

COMPARATIVE EXAMPLES 20 TO 22 

In Comparative Examples 20 to 22, (AmCp)CpFe as a metallocene compound and various P2 type photoinitiators 
were added to TB1741 in predetermined amounts to obtain cyanoacrylate compositions. 

The photocurability of each of the corrpositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results of Examples 27 to 31 and Comparative Examples 20 to 22 are shown in Table 4. 



Table 4 







Photoinitiator 


Addition Amount 


Amount of 
(AmCp)CpFe 


Photocurability 
(mJ/cm 2 ) 


Ex. 27 








5,000 ppm 


7,000 


Ex.28 


P1 type 


APO 


1,000 ppm 


5,000 ppm 


1,000 


Ex. 29 


Irgacure 184 


10,000 ppm 


5,000 ppm 


3,000 


Ex. 30 


Irgacure 651 


10,000 ppm 


5.000 ppm 


4,000 


Ex.31 


Vicure 55 


5,000 ppm 


1,000 ppm 


5,000 


Comp. Ex. 20 


P2 type 


benzophenone 


5,000 ppm 


5,000 ppm 


7,000 


Comp. Ex. 21 


benzanthrone 


1,000 ppm 


5,000 ppm 


11,000 


Comp. Ex. 22 


phenanthrenequinone 


1 ,000 ppm 


5,000 ppm 


8,000 
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EXAMPLES 32 TO 37 

In Example 32 to 33, benzoylferrocene (hereinafter referred to as (BzoCp)CpFe) as a metallocene compound alone 
was added to TB1 741 in a predetermined amount to obtain a photocurable cyanoacrylate composition. 

In Examples 34 to 37, (BzoCp)CpFe as a metallocene compound and various P1 type photoinitiators were added 
to TB1 741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

COM PAR AT I VF FXAMPLES 23 TO 25 

In Comparative Examples 23 to 25, (BzoCp)CpFe as a metallocene compound and various P2 type photoinitiators 
were added to TB1741 in predetermined amounts to obtain cyanoacrylate compositions. 

The photocurability of each of the cornpositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results of Examples 32 to 37 and Comparative Examples 23 to 25 are shown in Table 5. 
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Table 5 







Photoinitiator 


Addition Amount 


Amount of 
(BzoCp)CpFe 


Photocurability 
(mJ/cm 2 ) 


Ex. 32 








5,000 ppm 


15,000 


Ex. 33 








10,000 ppm 


12,000 


Ex. 34 


P1 type 


APO 


1 ,000 ppm 


5,000 ppm 


9,000 


Ex. 35 


Irgacure 184 


10,000 ppm 


5,000 ppm 


9,000 


Ex. 36 


Irgacure 651 


10,000 ppm 


5,000 ppm 


10,000 


Ex. 37 


Vicure 55 


5,000 ppm 


1 ,000 ppm 


6,000 


Comp. Ex. 23 


P2type 


benzophenone 


5,000 ppm 


5,000 ppm 


18,000 


Comp. Ex. 24 


benzanthrone 


1 ,000 ppm 


5,000 ppm 


16.000 


Comp. Ex. 25 


phenanthrenequinone 


1,000 ppm 


5,000 ppm 


17,000 



20 



25 



30 



35 

FXAMPLES 38 TO 42 

In Example 38, cyclohexenylferrccene (hereinafter referred to as (CyheCp)CpFe) as a metallocene compound 
40 alone was added to TB1 741 in a predetermined amount to obtain a photocurable cyanoacrylate composition. 

In Examples 39 to 42, (CyheCp)CpFe as a metallocene compound and various P1 type photoinitiators were added 
to TB1 741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

P,OM PA R ATI VE EXAMPLES 26 TO 28 

45 

In Comparative Examples 26 to 28, (CyheCp)CpFe as a metallocene compound and various P2 type photoinitia- 
tors were added to TB1 741 in predetermined amounts to obtain cyanoacrylate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
so curing. The results of Examples 38 to 42 and Comparative Examples 26 to 28 are shown in Table 6. 



55 
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Table 6 







Photoinitiator 


Addition Amount 


Amount of 
(CyheCp)CpFe 


Photocurability 
(mJ/cm 2 ) 


Ex. 38 








5,000 ppm 


9,000 


Ex. 39 


P1 type 


APO 


1 nnn nnm 

I ,\J\AJ \J\J* ' ' 


5,000 ppm 


2,000 


Ex. 40 


Irgacure 184 


■in nnn rvMn 


5,000 ppm 


4,000 


Ex. 41 


Irgacure 651 


10,000 ppm 


5,000 ppm 


4,000 


Ex. 42 


Vicure 55 


5,000 ppm 


1 ,000 ppm 


8,000 


Comp. Ex. 26 


P2 type 


benzophenone 


5,000 ppm 


5,000 ppm 


10,000 


Comp. Ex. 27 


benzanthrone 


1,000 ppm 


5,000 ppm 


11,000 


Comp. Ex. 28 


phenanthrenequinone 


1 ,000 ppm 


5,000 ppm 


11,000 



FYAMPI FR 43 TO 47 

In Example 43, cydopentenylfeirocene (hereinafter referred to as (CypeCp)CpFe) as a metallocene compound 
alone was added to TB1741 in a predetermined amount to obtain a photocurable cyanoacrylate composrt.on 

In Examples 44 to 47, (CypeCp)CpFe as a metallocene compound and various P1 type photoinibators were added 
to TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

COMPARATIVE FXAMPLES 29 TO 31 

In Comparative Examples 29 to 31. (CypeCp)CpFe as a metallocene compound and various P2 type photoinitia- 
tors were added to TB1 741 in predetermined amounts to obtain cyanoacrylate compositions. 

an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing The results of Examples 43 to 47 and Comparative Examples 29 to 31 are shown in Table 7. 



Table 7 







Photoinitiator 


Addition Amount 


Amount of 
(CypeCp)CpFe 


Photocurability 
(mJ/cm 2 ) 


Ex. 43 








5,000 ppm 


13,000 


Ex. 44 


P1 type 


APO 


1,000 ppm 


5,000 ppm 


3,000 


Ex.45 


Irgacure 184 


10,000 ppm 


5,000 ppm 


4,000 


Ex. 46 


Irgacure 651 


10.000 ppm 


5,000 ppm 


5,000 


Ex. 47 


Vicure 55 


5,000 ppm 


1,000 ppm 


11,000 


Comp. Ex. 29 


P2 type 


benzophenone 


5,000 ppm 


5,000 ppm 


14,000 


Comp. Ex. 30 


bsnzanthrone 


1,000 ppm 


5,000 ppm 


13,000 


Comp. Ex. 31 


phenanthrenequinone 


1,000 ppm 


5,000 ppm 


13,000 



FXAMPLES 48 TP 53 

In Example 48 to 49, ferrocenecarboxyakJehyde (hereinafter referred to as (CaAlCp)CpFe) as a metallocene com- 
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pound alone was added to TB1 741 in a predetermined amount to obtain a photocurable cyanoacrylate composrtion. 

In Examples 50 to 53. (CaAICp)CpFe as a metallocene compound and various PI type photoinitiators were added 
to TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

P.OMPARATIVF PXAMPl ES 32 TO 34 

In Comparative Examples 32 to 34. (CaAICp)CpFe as a metallocene compound and various P2 type photoinitiators 
were added to TB1 741 in predetermined amounts to obtain cyanoacrylate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a (***^**^ 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing The results of Exarrples 48 to 53 and Comparative Examples 32 to 34 are shown in Table 8. 



Table 8 



)5 



20 



25 







Photoinitiator 


Addition Amount 


Amount of 
(CaAlCp)CpFe 


Photocurability 
(mJ/cm 2 ) 


Ex.48 








5,000 ppm 


12,000 


Ex. 49 








10,000 ppm 


11,000 


Ex. 50 


P1 type 


APO ! 


1,000 pom 


5,000 ppm 


7,000 


Ex. 51 




Irgacure 184 


10,000 ppm 


5,000 ppm 


8,000 


Ex. 52 




Irgacure 651 


10,000 ppm 


5,000 ppm 


10,000 


Ex. 53 




Vicure 55 


5,000 ppm 


1,000 ppm 


8,000 


Comp. Ex. 32 


P2 type 


benzophenone 


5,000 ppm 


5,000 ppm 


14,000 


Comp. Ex. 33 




benzanthrone 


1 ,000 ppm 


5,000 ppm 


15,000 


Comp. Ex. 34 




phenanthrenequinone 


1,000 ppm 


5,000 ppm 


13,000 



FXAMPLES 54 TQ 71 

In Example 54 to 71, various metallocene compounds each alone was added to TB1741 in a predetermined 
amount to obtain a photocurable cyanoacrylate composition. , . , . 

The photocurability of each of the composrtions was evaluated by placing 1 g of a sampte .n a ^^^^ 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantrty of hght needed for 
40 curing. The results of Examples 54 to 71 are shown in Table 9. 



45 



50 



55 
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Table 9 





r riOlOin illalUl 


Addition Amount 


Photocurability (mJ/cm 2 ) 


! Ex. 54 


(ACOpJopre 


5,000 ppm 


12,000 


Ex. 55 


/Hftf^ Po 

(Meup;2» e 


500 oom 

vvw T*T^ 


5,000 


Ex. 56 


/MftPn\ Po 


1 ,000 ppm 


4,000 


Ex. 57 


(Meup;2 r e 


3,000 ppm 


1,000 


Ex. 58 


/ Pa 

(DZOUp;2" e 


500 ppm 


1,000 


Ex. 59 


(ACup;2»e 


100 Dom 


13,000 


Ex. 60 


(AcOp)2»e 


100 nom 


5,000 


Ex. 61 


(ACOp) 2 re 


S00 oom 


2,000 


Ex. 62 


(ACOp) 2 ' 6 


1 000 nom 


1,000 


Ex. 63 


(Me 5 Cp)2re 


50 Dom 


3,000 


Ex.64 


(Me5Cp) 2 re 


100 oom 


1,000 


Ex.65 


(Me 5 Cp) 2 Fe 


100 nom 


8,000 


Ex.66 


(Me5Cp) 2 Fe 


QDO nnm 


4,000 


Ex. 67 


(Me5Cp) 2 Fe 


500 ppm 


2,000 


Ex.68 


(Me5Cp) 2 Fe 


1 ,000 ppm 


1,000 


J~ Ex. 69 


CP2RU 


50 ppm 


3,000 


Ex. 70 


CP2RU 


100 ppm 


2,000 


Ex. 71 


CP2RU 


300 ppm 


1,000 



Remarks: 

(AcCp)CpFe: acetyrferrocene 
(MeCp) 2 Fe: 1,r-dimethylferrocene 
(BzoCp) 2 Fe: 1,V<iibenzoyrferrocene 
(AcCp) 2 Fe: di(acetylcyclopentadienyl)iron 
(Me 5 Cp) 2 Fe: bis(pentamethylcyclopentadienyl)iron 
(Me 5 Cp) 2 0s: bis(pentamethyicyclopentadienyl)osmium 
Cp2Ru: bis(cydopentadienyl)ruthenium 



FXAMPLES 72 TO 76 

In Examples 72 to 76, Cp2Fe as a metallocene compound and APO as a P1 type photoinitiator was added to 
TB1741 in predetermined amounts to obtain photocuraWe cyanoacrylate compositions. 

COMPARATIVE FXAMPLES 35 TO 37 

In Examples 35 to 37, CfcFe as a metallocene compound and various P2 type photoinitiators were added to 
TB1741 in predetermined amounts to obtain cyanoacrylate compositions. 

The photocurability of each of the conpositions was evaluated by plac^ 1 g of a sample .n a ^f^^^ 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantty of light needed for 
curing The results of Examples 72 to 76 and Comparative Examples 35 to 37 are shown in Table 10. 
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Table 10 





Amruint rA APO 


Amount of CooFe 


Photocurabilrty (mJ/cm 2 ) 


Ex. 72 


1 p uuu ppm 


Son nnm 


10,000 


Ex. 73 


1 ,uuu ppm 


1 nofl nnm 


8,000 


Ex. 74 


O OOO r\r\m 

^,uuu ppm 


100 nnm 


3,000 


Ex. 75 


2,000 ppm 


500 ppm 


1,000 


Ex. 76 


3,000 ppm 


500 ppm 


1,000 


Comp. Ex. 35 


1,000 ppm 




20,000< 


Comp. Ex. 36 


2,000 ppm 




20,000< 


Comp. Ex. 37 


3,000 ppm 




20,000< 



EXAMPLES 77 TO 81 

In Examples 77 to 81 , (EtCp)CpFe as a metallocene compound and APO as a P1 type photoinitiator were added 
to TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results obtained are shown in Table 1 1 . 



Table 11 





Amount of APO 


Amount of (EtCp)CpFe 


Photocurability (mJ/cm*) 


Ex. 77 


1 ,000 ppm 


500 ppm 


3,000 


Ex. 78 


1 ,000 ppm 


1,000 ppm 


1,000 


Ex. 79 


2,000 ppm 


50 ppm 


1,000 


Ex.80 


2,000 ppm 


100 ppm 


1,000 


Ex. 81 


3,000 ppm 


500 ppm 


1,000 



45 



50 



EXAMPLES 82 to 86 



In Examples 82 to 86, (BuCp)CpFe as a metallocene compound and APO as a P1 type photoinitiator were added 
to TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results obtained are shown in Table 12. 



55 
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Table 12 





A mm int /\f ADO 

Amount OT Ar U 


A moi irrt nf (Riinn^finFP 


Photocurability (mJ/crn^) 


Ex.82 


1.000 ppm 


500 ppm 


3,000 


Ex.83 


1,000 pom 


1 ,000 ppm 


2,000 


Ex.84 


2,000 ppm 


100 ppm 


1.000 


Ex.85 


2,000 ppm 


500 ppm 


1,000 


Ex.86 


3,000 ppm 


500 ppm 


1.000 



FXAMPI FS 87 TO 91 

In Examples 87 to 91 . (AmCp)CpFe as a metallocene compound and APO as a P1 type photoinitiator were added 
to TB1 741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results obtained are shown in Table 13. 



Table 13 





Amount of APO 


Amount of (AmCp)CpFe 


Photocurability (mJ/cm^) 


Ex.87 


1,000 ppm 


500 ppm 


4.000 


Ex.88 


1,000 ppm 


1 ,000 ppm 


2,000 


Ex.89 


2,000 ppm 


100 ppm 


1,000 


Ex.90 


2,000 ppm 


500 ppm 


1,000 


Ex. 91 


3,000 ppm 


500 ppm 


1,000 



FXAMPLES 92 AND 93 

In Examples 92 and 93, (BzoCp)CpFe as a metallocene compound and APO as a P1 type photoinitiator were 
added to TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results obtained are shown in Table 14. 



Table 14 





Amount of APO 


Amount of (BzoCp)CpFe 


Photocurability (mJ/cm*) 


Ex.92 


2,000 ppm 


1,000 ppm 


4,000 


Ex.93 


3,000 ppm 


1,000 ppm 


1,000 



EXAMPLES 94 TO 96 



In Examples 94 TO 96, (CyheCp)CpFe as a metallocene compound and APO as a PI type photoinitiator were 
added to TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 
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The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results obtained are shown in Table 1 5. 



Table 15 





Amount of APO 


Amount of 
(CyheCp)CpFe 


Photocurability (mJ/cm^) 


Ex.94 


2,000 ppm 


500 ppm 


1,000 


Ex. 95 


2,000 ppm 


1 ,000 ppm 


1,000 


Ex.96 


3,000 ppm 


500 ppm 


1,000 
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EXAMPLES 97 AND 98 



In Examples 97 and 98. (CypeCp)CpFe as a metallocene compound and APO as a P1 type photoimtiator were 
20 added to TB1 741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene traywith 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results obtained are shown in Table 16. 



Table 16 





Amount of APO 


Amount of 
(CypeCp)CpFe 


Photocurability (mJ/crn^) 


Ex. 97 


2,000 ppm 


1,000 ppm 


2,000 


Ex.98 


3,000 ppm 


500 ppm 


1,000 



FXAMPLES 99 TO 101 

In Examples 99 to 101, (CaAICp)CpFe as a metallocene compound and APO as a P1 type photoinitiator were 
added to TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene traywith 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results obtained are shown in Table 17. 



Table 17 





Amount of APO 


Amount of 
(CaAICp)CpFe 


Photocurability (mJ/cm^ 


Ex.99 


2,000 ppm 


1,000 ppm 


4,000 


Ex. 100 


3,000 ppm 


500 ppm 


4,000 


Ex. 101 


3,000 ppm 


1,000 ppm 


1,000 



55 

FXAMPLES 102 TO 112 



In Examples 102 to 109, 1,V<li-n>butylferrocene, bis(perTtamethylcyclopentadienyl)ruthenium, and bis(cyclopenta- 
dienyl)osmium (hereinafter referred to as (BuCp) 2 Fe, (Me 5 Cp) 2 Ru, and CpsOs, respectively) as metallocene com- 
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pounds alone were added to TB1741 in respective predetermined amounts to obtain photocurable cyanoacrylate 

compositions. ^ 

In Examples 1 10 to 1 12, (BuCp) 2 Fe, (Me 5 Cp) 2 Ru, and CpzOs as metallocene compounds and APO as a P1 type 

photoinitiator were added to TB1741 in predetermined amounts to obtain photocurable cyanoacrylate composrt,ons. 
The photocurability of each of the compositions was evaluated by placing 1 g of a sample m a polyethylene traywrth 

an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 

curing. The results obtained are shown in Table 18. 



10 



Table 18 





Metallocene Compound 


Aooiuon Mmouiu 


Arkiition Amount of APO 


Photocurability (mJ/crn^) 


Ex. 102 


(BuCp) 2 Fe 


dUU ppm 




5,000 


Ex. 103 


(BuCp) 2 Fe 


1 ,000 ppm 





2,000 


Ex. 104 


(Me 5 Cp) 2 Ru 


3,000 ppm 




8,000 


Ex. 105 


(Me 5 Cp) 2 Ru 


5,000 ppm 




6,000 


Ex. 106 


Cp^Os 


100 ppm 




13,000 


Ex. 107 




300 ppm 




10,000 


Ex.108 


CP2OS 


500 ppm 




5,000 


Ex.109 


CP2OS 


1,000 ppm 




3,000 


Ex.110 


(BuCp) 2 Fe 


500 ppm 


2,000 ppm 


1,000 


Ex.111 


(Me 5 Cp) 2 Ru 


3,000 ppm 


2,000 ppm 


2,000 


Ex.112 


Cp 2 Os 


500 ppm 


2,000 ppm 


1,000 



T5 



20 



25 



30 
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FXAMPLES 1 13 m 117 AND COMPARATIVE EXAMPLE 38 

(AcCobFe was added to TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 
In a storage stability test. 20 g of each sample was placed in a light-shielded polyethylene container, stored at 70°C for 
1 week and then examined for viscosity and photocurability. Photocurability was evaluated by placing 1 9 °f a sample 
in a polyethylene tray with an inner diameter of 30 mm and irradiating the sample with light to measure the integrated 
quantity of light needed for curing. Viscosity was measured at room temperature with a Brookfield viscometer (manu- 
factured by Tokyo Keiki Co,, Ltd.) fitted with an adapter. The resufts obtained are shown in Table 19. 

Table 19 





Comp. Ex. 38 


Ex. 113 


Ex. 114 


Ex. 115 


Ex. 116 


Ex.117 


Amount of (AcCp) 2 Fe 


Oppm 


100 ppm 


300 ppm 


500 ppm 


1 ,000 ppm 


1,500 ppm 


Blank 


Viscosity 
(mPa*s) 

Photocurability 


1.90 


2.00 
13,000 


2.10 
5,000 


2.00 
2,000 


1.90 
1,000 


1.95 
1,000 


70°Cx1W 


Viscosity 
(mPa«s) 

Photocurability 


1.95 


2.05 
14,000 


2.10 
6,000 


2.15 
2,000 


2.60 
1,000 


4.35 
1,000 


PhotocurabW 


y is shown in terms of the integrated quantity of light (mJ/cmi needed for complete pnotocunng. 
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EXAMPLES 118 TO 121 



To TB1 741 were added (AcCp) 2 Fe in an amount of 1 ,000 ppm and either a radical-polymerization inhibitor (hydro- 
quinone) or an anionic-polymerization inhibitor (p-toluenesulfonic acid) in predetermined amounts. The composrt,ons 
obtained were evaluated lor photocurability in the same manner as in Examples 1 to 39 to ascertam that the photocur- 
ing reaction proceeded by anionic polymerization. The results obtained are shown in Table 20. 



Table 20 



Example No. 


62 


118 


119 


120 


121 


(AcCp) 2 Fe 


1,000 


1,000 


1,000 


1,000 


1,000 


Hydroquinone 
p-Toluenesulfonic acid 




1,000 


3,000 


1,000 


3,000 


Photocurability (mJ/crrf ) 


1,000 


1,000 


1,000 


X 


X 


The numerals in the table indicate addition amounts (ppm) based on TB1741 . 

X: The sample remained uncured even after light irradiation in an integrated quantity of hght of 

10,000 mJ/cm 2 . 
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EXAMPLES 122 AND 123 

(AcCp)oFe was added to each of methyl a-cyanoacrylate (hereinafter abbreviated as MCA) and ethoxyethyl a- 
cyanoacrylate (hereinafter abbreviated as EECA) as a-cyanoacrylates in an amount of 1,000 ppm. The compositions 
were evaluated for photocurability in the same manner as in Examples 1 to 39. The results obtained are shown in Table 
21. 

Table 21 



35 



Example No. 


62 


122 


123 


a-Cyanoacrylate 


TB1741 


MCA 


EECA 


Photocurability (mJ/cm 2 ) 


1,000 


1,000 


1.000 


Photocurability is shown in terms of the integrated quantity of light 
(mJ/cm 2 ) needed for complete photocuring. 



40 



FXAMPLES 1 24 AND 125 

45 In Examples 124 and 125. Cp^e as a metallocene compound and APO as a P1 type photoinitiator were added in 
amounts of 500 ppm and 2.000 ppm, respectively, to each of methyl a-cyanoacrylate (hereinafter abbreviated as MCA) 
and ethoxyethyl a-cyanoacrylate (hereinafter abbreviated as EECA) as «-cyanoacrylates to obta.n photocurable 
cyanoacrylate compositions. The photocurability of each of the compositions was evaluated by placing 1 g of a sample 
in a polyethylene tray with an inner diameter of 30 mm and irradiating the sample with light to measure the integrated 

so quantity of light needed for curing. The results obtained are shown in Table 22. 



Table 22 





a-Cyanoacrylate 


Photocurability (mJ/crrvO 


Ex. 75 


TB1741 


1,000 


Ex. 124 


MCA 


1,000 


Ex. 125 


EECA 


1,000 
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The composition of the present invention, i.e., the photocurable composition comprising an a-cyanoacrylate and a 
metallocene compound or the composition thereof further comprising a cleavage-type photoinitiator, can be rapidly 
cured by light irradiation even when the gap between a pair of adherends is wide, when the composition applied has 
overflown from the bonding part, or when the composition applied is not sandwiched between a pair of adherends as 
in coating Since the curing reaction proceeds by anionic polymerization, not only the composition does not suffer the 
curing inhibition by oxygen which is observed in radical polymerization, but also even that part of the composition to 
which light cannot reach due to the shape of the substrate cures by the anionic polymerization initiated by light irradia- 
tion Further since the metallocene compound has a light absorption wavelength region extending beyond 500 nm to 
the longer-wavelength side, the composition can be cured with a light in a wider wavelength region, i.e., even with ultra- 
violet and/or visible light. 

In the composition further comprising a cleavage-type photoinitiator, curing speed of a photocurable composition 
comprising an a-cyanoacrylate and a metallocene compound under light irradiation can be significantly increased by 
appropriately selecting a kind of the cleavage-type photoinitiator to be used. Furthermore, the effective waveleng* of 
the light necessary to cure the composition is controlled in this case. 

Since the addition of a cleavage-type photoinitiator reduces the addition amount of the metallocene compound, 
which is relatively expensive component of the composition of the present invention, the use of the cleavage-type pho- 
toinitiator decreases the total cost of the adhesive composition of the present invention. Metallocene compounds, when 
dissolved in an a-cyanoacrylate, sometimes color the solution of the composition; even so. reducing the amount of the 
metallocene compound is effective in maintaining the colorlessness and transparency of the composition. 

Moreover in the composition further comprising a cleavage-type photoinitiator. since the cleavage-type photoiniti- 
ator functions as an initiator for anionic polymerization, even when the composition contains a radical-polymerizable 
compound such as an acrylic corrpound, it can be rapidly cured due to the cleavage type photo.nrt.ator contained 
therein In the case where the cleavage-type photoinitiator used is a peroxide, heating can also be used to cure the 
composition In the case where the cleavage type photoinitiator used is an azo compound, the composition can be 
foamed by regulating the addition amount of the photoinitiator or the quantity of light with which the composition is irra- 

didtBCl 

While the invention has been described in detail and with reference to specific embodiments thereof, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the spirit and scope thereof. 

Claims 

1 . A photocurable composition comprising: 

(A) an a-cyanoacrylate and 

(B) a metallocene compound comprising a transition metal of Group VIII of the periodic table and aromatic 
electron system ligands. 

2. The photocurable composition as claimed in claim 1 . further comprising (C) a cleavage-type photoinitiator. 

3. The photocurable composition as claimed in claim 1 , wherein each of the aromatic electron system ligands in the 
metallocene compound (B) is a n-arene, indenyl, or ^-cyclopentadienyl. 

4 The photocurable composition as claimed in claim 1 . wherein the metallocene compound (B) comprising a transi- 
tion metal of Group VIII of the periodic table and aromatic electron system ligands is represented by the following 
formula (I): 



(I) 




(wherein M represents a transition metal of Group VIII of the periodic table; R represents a halogen atom, a hydro- 
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carbon group having 1 to 20 carbon atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, or a 
silicon-atom containing, oxygen-atom containing, sulfur-atom containing, or phosphorus-atom containing group 
having 1 to 20 carbon atoms, provided that the R's may be the same or different and may be crosslinked to each 
other; symbol a represents an integer of from 0 to 5; and the groups [R a -Cp] (Cp represents n-cyclcpentadienyi) 
may be the same or different). 

5. The photocurable composition as claimed in claim 1 , wherein the transition metal-of Group VIII of the periodic table 
in the metallocene compound (B) comprises iron, osmium, ruthenium, cobalt or nickel. 

6. The photocurable composition as claimed in claim 5, wherein the transition metal of Group VIII of the periodic table 
in the metallocene compound (B) comprises iron, osmium or ruthenium. 
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